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A B S T R A C T
R a b e n b e rg , M ic h a e l  J . , M . S . ,  W in te r  1982 W i ld l i f e  B io lo g y
E c o lo g y  and  P o p u la tio n  D y n a m ic s  o f M a l la r d s  W in te r in g  in  th e  
C o lu m b ia  B a s in  (1 3 5  pp . )
D ir e c t o r :  I .  J . B a l l
W in te r  e c o lo g y  s tu d ie s  o f m a l la r d s  (A nas p la ty rh y n c h o s ) in  th e  
C o lu m b ia  B a s in  w e r e  co n d u cted  f r o m  N o v e m b e r -F e b r u a r y  1 9 7 8 -  
79 and 197 9 -8 0 .  R a d io e d  m a lla r d s  re m a in e d  in  c o n ta c t an  
a v e ra g e  o f 17 days  w ith  s o u th w a rd  m o v e m e n ts  p re d o m in a tin g .  
C o rn  c o m p r is e d  >  95% o f th e  d ie t  of b o th  s e x e s  a f te r  m id -  
N o v e m b e r . U n g ra z e d  s tu b b le  f ie ld s  w e r e  p r e f e r r e d  fe e d in g  s ite s  
e x c e p t w h en  snow  c o v e r  fo rc e d  b ird s  to  r e ly  on c a t t le  to  expose  
w a s te  g r a in .  M e a n  d is ta n c e  to  f ie ld - fe e d in g  s ite s  w a s  7 .9  ±  3 .6  
and 8 .6  ±  3 .6  k m  (x ±  S D ) in  1 9 7 8 -7 9  and 1 9 7 9 -8 0 , r e s p e c t iv e ly .  
C o rn  s u p p lie s  w e r e  ad e q u a te  to  m e e t th e  1 9 7 9 -8 0  m a l la r d  p o p u ­
la t io n  r e q u ir e m e n t  o f 3285  m e t r ic  to n s . D iu r n a l  m a l la r d  
p o p u la tio n s  on c o n c e n tra t io n  a re a s  w e r e  h ig h e s t 1 - 4  h o u rs  a f t e r  
s u n r is e . E s t im a te s  o f p o p u la tio n  se x  c o m p o s itio n  w e r e  5 7 .7 -  
58 .9 %  d ra k e s  in  1 9 7 8 -7 9  and 5 4 ,4 -5 6 .7 %  in  1 9 7 9 -8 0 . T e c h n iq u e s  
f o r  re d u c in g  b ia s  w h en  c o n d u ctin g  a e r ia l  censu ses  o r  e s t im a t in g  
se x  r a t io s  of w in te r in g  m a l la r d s  a r e  re c o m m e n d e d . J a n u a ry  
b o d y  w e ig h ts  o f b o th  s e x e s  a v e ra g e d  1 0 -1 4 %  lo w e r  th a n  D e c e m b e r  
v a lu e s . M id - w in t e r  m a l la r d  p o p u la tio n s  in  th e  C o lu m b ia  B a s in  
w e r e  h ig h e s t w h en  w a te r  c o n d itio n s  in  th e  P r a i r i e  P a rk la n d s  
w e r e  r e la t iv e ly  p o o r , a p p a re n t ly  a r e s u lt  o f m a l la r d s  o v e r f ly in g  
th e  d r  o u g h t-s t r ic k e n  p r a i r ie s  to  b r e e d  in  th e  N o r th e rn  P a c i f ic  
re g io n . W in te r  w e a th e r  and  its  e ffe c ts  on food  a v a i la b i l i t y  and  
m ig r a t io n  r a te s  a ls o  a p p e a re d  to  in f lu e n c e  w in te r in g  p o p u la tio n  
s iz e .
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A C K N O W L E D G M E N T S
P r im a r y  f in a n c ia l  s u p p o rt fo r  th e  s tu d y  w a s  p ro v id e d  b y  the  
U .S .  F is h  and W i ld l i f e  S e r v ic e  R e fu g e  D iv is io n , P o r t la n d , O re g o n .  
B a t te l le  P a c i f ic  N o r th w e s t L a b o r a to r ie s ,  R ic h la n d , W a s h in g to n , 
p ro v id e d  15 t r a n s m it t e r s  and s o m e  a e r ia l  t r a c k in g  t im e  d u r in g  th e  
1 9 7 9 -8 0  f ie ld  s e a s o n . C o lu m b ia  and U m a t i l la  N a t io n a l W i ld l i f e  R e fu g e  
p e rs o n n e l c h e e r fu l ly  p e r m it te d  a c c e s s  and use of f a c i l i t ie s .  S p e c ia l  
th an k s  to  C o lu m b ia  N W R  fo r  p ro v id in g  lo d g in g  d u r in g  th e  s tu d y . 
A d d it io n a l f in a n c ia l  and lo g is t ic  s u p p o rt w e r e  p ro v id e d  b y  th e  Z o o lo g y  
D e p a r tm e n t, W a s h in g to n  S ta te  U n iv e r s ity ;  M o n ta n a  C o o p e ra t iv e  W i ld l i f e  
R e s e a rc h  U n it ,  U n iv e r s ity  o f M o n ta n a ; and N o r th e r n  P r a i r i e  W i ld l i f e  
R e s e a r c h  C e n te r ,  J a m e s to w n , N o r th  D a k o ta .
I  w o u ld  l ik e  to  e s p e c ia lly  th a n k  m y  a d v is o r .  D r .  I .  J . B a l l ,  
w ho in it ia te d  th is  p r o je c t  and p ro v id e d  a d v ic e  and e n c o u ra g e m e n t  
th ro u g h o u t. T h a n k s  to  D r  s . B . W . O 'G a r a ,  G . L .  K ra p u , and c o m m itte e  
m e m b e r s . D r  s . R . H u tto  and B , R .  M c C le lla n d , w h o  re v ie w e d  th e  
m a n u s c r ip t  and p ro v id e d  c o n s tru c t iv e  c r i t ic is m .
I  e x p re s s  m y  g r a t itu d e  to  th e  fo llo w in g  in d iv id u a ls  w h o  
c o n tr ib u te d  to  th e  p r o je c t  in  a  v a r ie t y  o f w a y s , J . G im b e l and S. S ovey , 
m y  h a rd w o rk in g  f ie ld  a s s is ta n ts , m a d e  l i f e  a t H a m p to n  H o u se  b e a r a b le  
d u r in g  th o s e  lo n g  c o ld  w in te r  m o n th s . B a t te l le  e m p lo y e e s  L .  C a d w e ll,
i i i
M . T h e id e , D . F i t z n e r ,  and L .  E b e r h a r d t  c a p tu re d , r a d io e d , and  
p ro v id e d  lo c a tio n s  fo r  H a n fo rd  b i r d s .  G , S c r iv e n , T .  C le m e n t , and  
T . F l in t  of th e  W a s h in g to n  D e p a r tm e n t o f G a m e  p ro v id e d  s u p p le m e n ta l  
f ie ld - fe e d in g  lo c a tio n s  in  1 9 7 9 -8 0 , and W , M y e r s  c o lle c te d  m a l la r d  
es o p h ag i f o r  fo od  h a b its  a n a ly s is  in  1 9 7 8 -7  9. J . M c A u l l l f f e ,  Z o o lo g y  
D e p a r tm e n t , U n iv e r s i ty  o f M o n ta n a , and M . S te e n , A g ro n o m y  D e p a r t ­
m e n t , W a s h in g to n  S ta te  U n iv e r s i ty ,  v e r i f ie d  in v e r te b r a te  and seed  
id e n t if ic a t io n , r e s p e c t iv e ly .  C , S m ith  and H . M e v e rd e n  p ilo te d  a e r ia l  
te le m e t r y  f l ig h ts .  B . P u r d y , R .  S m ith , and V .  L o n g  a s s is te d  w ith  
th e  m o n u m e n ta l ta s k  o f k e y p u n c h in g  and v e r i f y in g  d a ta . T .  F r a n k  and  
D , Jo hn son , N P W R C , p ro v id e d  s t a t is t ic a l  a d v ic e , D , A , D a v e n p o r t  
a s s is te d  in  t r a n s fe r r in g  d a ta  b e tw e e n  c o m p u te r  in s ta l la t io n s , and R .  
T h ie lm a n  p h o to g ra p h e d  i l lu s t r a t io n s .  T h e  f r ie n d ly  "d u ck  p ic k e r s ,  " 
M a r c ia  and C h a r le n e , g r a c io u s ly  p e r m it te d  m e  to  re m o v e  es o p h ag i and  
ta k e  p h y s ic a l m e a s u re m e n ts  f r o m  h u n te r  - k i l le d  m a lla r d s  b ro u g h t to  
th e m  f o r  p ro c e s s in g .
T o  m y  fa th e r  and g ra n d fa th e rs , w h o se  fre q u e n t h u n tin g  and  
f is h in g  t r ip s  in s t i l le d  in  m e  a lo v e  o f th e  o u t -o f -d o o r s  and b le s s e d  m e  
w ith  a un ique and m e m o r a b le  c h ild h o o d  and a d o le s c e n c e , I  e x p re s s  m y  
g r a te fu l  a p p re c ia t io n .
L a s t ,  b u t m o s t im p o r ta n t ly ,  I  ex te n d  h e a r t fe l t  th an k s  to  m y  
w ife  J a n e , w h o se  a s s is ta n c e , p a t ie n c e , u n d e rs ta n d in g , and fa i th  d u r in g  
th e s e  h e c t ic  and o fte n  t r y in g  t im e s  w e r e  in v a lu a b le .
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C H A P T E R  I
IN  T R  O D  U C  T IO N
W in te r  E c o lo g y  
H is t o r ic a l ly ,  w a te r fo w l r e s e a r c h  has c o n c e n tra te d  on b re e d in g  
e c o lo g y  w h ile  m a n y  a s p e c ts  o f w in te r  e c o lo g y  h a ve  b e en  ig n o re d , A  
b e t te r  u n d e rs ta n d in g  of th e  w in te r in g  p o r t io n  o f th e  l i f e  c y c le  is  
e s s e n t ia l to  p r o p e r ly  m a n a g e  c o n tin e n ta l w a te r fo w l r e s o u r c e s .  In f o r ­
m a tio n  on w a te r fo w l o v e r -w in te r in g  n o r th  o f t r a d i t io n a l  a re a s  b e c a u s e  
of re c e n t  w a te r  d e v e lo p m e n t p ro g ra m s  and r e s u lta n t  a g r ic u l t u r a l  
chang es (B u l le r  1 9 7 5 ) is  e s p e c ia lly  l im ite d .  T h is  s tu d y  of th e  g e n e ra l  
e c o lo g y  of m a lla r d s  in  th e  C o lu m b ia  B a s in , W a s h in g to n , d u r in g  th e  
w in te r s  of 1 9 7 8 -7 9  and 1 9 7 9 -8 0  w as  in it ia te d  to  s u p p le m e n t th e  c u r r e n t  
p a u c ity  o f a v a ila b le  in fo r m a t io n . S p e c if ic  a s p e c ts  in v e s t ig a te d  w e r e  
m o v e m e n t p a tte rn s  o f r a d io e d  b ir d s  b e tw e e n  m a jo r  c o n c e n tra t io n  a r e a s ,  
f ie ld - fe e d in g  e c o lo g y , v a r ia t io n s  in  m o rp h o lo g ic a l c o n d itio n , and  
s p a t ia l  and te m p o r a l  v a r ia t io n s  in  s e x  r a t io s  o f w in te r in g  m a l la r d s .
P o p u la t io n  D y n a m ic s  
T h e  C o lu m b ia  R iv e r  B a s in  in  c e n t r a l  W a s h in g to n  and a d ja c e n t  
O re g o n , is  a  m a jo r  w in te r in g  a r e a  fo r  P a c i f ic  F ly w a y  m a l la r d s .  
B e tw e e n  1 9 4 3 , w h en  th e  U . S. F is h  and W i ld l i f e  S e rv ic e  (U S F W S ) b e g an
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co n d u c tin g  m id -w in te r  ( e a r ly  J a n u a ry )  a e r ia l  s u rv e y s , and 1 9 5 0 , m id ­
w in te r  m a l la r d  n u m b e rs  r e m a in e d  r e la t iv e ly  c o n s ta n t a t a p p r o x im a te ly  
5 0 ,0 0 0  to  1 0 0 ,0 0 0  b ir d s .  T h e r e a f te r ,  m a l la r d  n u m b e rs  in c re a s e d  
s te a d ily  u n t il  a p e a k  o f o v e r  9 0 0 ,0 0 0  b ir d s  w as  re a c h e d  in  J a n u a ry  1 9 6 4  
(F ig .  1 ). T h is  b u ild u p  has g e n e r a l ly  b e e n  a t t r ib u te d  to  a  p a r a l le l  
in c re a s e  in  c e r e a l  g ra in  a c re a g e  and w a te r  im p o u n d m e n ts  ( i .  e . , 
in c re a s e d  fe e d in g  and r e s t in g  s ite s ) ,  r e s u lt in g  f r o m  the  d e v e lo p m e n t of 
i r r ig a t io n  p ro je c ts  u t i l iz in g  C o lu m b ia , S nake , and Y a k im a  R iv e r  w a te r s  
(L a u c k h a r t  1 9 6 1 , L a u c k h a r t  e t a l .  1 9 6 1 , G a lb re a th  1 9 6 2 ), C o n t r a r y  to  
e x p e c ta tio n s  (L a u c k h a r t  e t a l ,  1 9 6 1 ), m id -w in te r  m a l la r d  n u m b e rs  d id  
not c o n tin u e  to  in c re a s e  as a d d it io n a l h e c ta re s  (h a ) w e r e  i r r ig a t e d .
S in c e  1 9 6 4 , th e  n u m b e r  o f m a l la r d s  w in te r in g  in  th e  C o lu m b ia  B a s in  
has show n an e r r a t ic  b u t g e n e r a l ly  d o w n w a rd  tre n d  (F ig .  1 ), T h e  
fa c to rs  re s p o n s ib le  f o r  th is  d e c lin e  a r e  no t w e l l  u n d e rs to o d .
W h ile  in c re a s e d  c e r e a l  g r a in  ( p r im a r i ly  c o rn ) h e c ta ra g e  is  
b e lie v e d  a t le a s t  p a r t ia l ly  re s p o n s ib le  fo r  th e  p r e -1 9 6 4  in c re a s e , th e  
p o p u la r  co n te n tio n  th a t f lu c tu a t io n s  in  f ie ld  c o rn  h e c ta ra g e  a r e  d i r e c t ly  
re s p o n s ib le  fo r  th e  v a r ia t io n s  in  m id -w in te r  m a l la r d  n u m b e rs  a p p e a rs  
u n w a rra n te d  (B a l l  et a l .  1 9 7 9 ). T h is  does not m e a n  th a t c o rn  is  
u n im p o rta n t as  a  food  s o u rc e  f o r  w in te r in g  m a l la r d s .  R a th e r ,  i t  
im p lie s  th a t th e  r e g u la t io n  o f w in te r in g  m a l la r d  n u m b e rs  is  a c o m p le x  
p ro c e s s  in v o lv in g  a d d it io n a l fa c to r s  o th e r  th a n  th e  a m o u n t o f f ie ld  c o rn  
p la n te d  th e  p re v io u s  s p r in g .
NUMBER
OF
M A LLA R D S  
X  1 0 0 0
950 -
900 - COLUMBIA R A S IN
G R A N T ,  A D A M S ,  f. F R A N K L I N  GO
RFST OF STATE


















70 7555 65 8060
Y E A R
F ig .  1 . M id - w in t e r  m a l la r d  p o p u la tio n s  in  W a s h in g to n , 1 9 5 2 -1 9 8 0 .
R e g e n  (1 9 8 0 ) a n a ly z e d  r e c o v e r ie s  o f m a l la r d s  band ed  p o s t­
se aso n  in  th e  C o lu m b ia  B a s in . She co n c lu d e d  th a t n e ith e r  changes in  
s u r v iv a l  r a te s  n o r  r e c o v e r y  d is tr ib u t io n s  p ro v id e d  a s im p le  e x p la n a tio n  
fo r  th e  p o s t-1 9 6 4  d e c lin e  in  m id - w in t e r  n u m b e rs .
A n  o b je c t iv e  o f th is  s tu d y  w as to  in v e s t ig a te  th e  r o le  of 
s e v e r a l  a d d it io n a l e c o lo g ic a l fa c to rs  th a t m a y  in flu e n c e  th e  n u m b e r of 
w in te r in g  C o lu m b ia  B a s in  m a l la r d s .  T h e s e  in c lu d e : (1 ) w e a th e r
( te m p e r a tu r e ,  p r e c ip ita t io n ,  and snow c o v e r );  (2 ) c o rn  and s m a ll  g r a in  
a c re a g e ; (3 ) p o p u la tio n  in d ic e s  f r o m  " s o u r c e ” b re e d in g  g ro u n d  a re a s ;  
and (4 ) the  r e la t io n s h ip  of C o lu m b ia  B a s in  m id -w in te r  to ta ls  w ith  o th e r  
P a c if ic  F ly w a y  m id -w in te r  p o p u la tio n s . A s c e r ta in in g  th e  r o le  o f th e s e  
fa c to rs  sh ou ld  p ro m o te  a b e t te r  u n d e rs ta n d in g  o f p a s t and p re s e n t  
d is tr ib u t io n  p a tte rn s  o f w in te r in g  m a lla r d s  in  the  C o lu m b ia  B a s in  and  
th e  F ly w a y  as a w h o le .
C H A P T E R  II
S T U D Y  A R E A
T h e  C o lu m b ia  B a s in , fo r  p u rp o s e s  of th is  s tu d y , r e f e r s  to  
th o se  p o rt io n s  o f W as h in g to n  and O re g o n  show n in  F ig .  2 , D o m in a n t  
n a tu r a l v e g e ta tio n  is  the  b ig  s a g e b ru s h  (A r t e m is ia  t r id e n t a t a ) -b lu e b u n ch  
w h e a tg ra s s  (A g ro p y ro n  s p ic a tu m ) a s s o c ia t io n  (D a u b e n m ire  1 9 7 0 ). M o s t  
n a tiv e  v e g e ta tio n  has b een  c o n v e rte d  to  i r r ig a t e d  g r a in s ,  p ro d u c e  and  
a lf a l fa  o v e r  the p a s t 30 y e a r s ,  A  d e ta ile d  d e s c r ip t io n  can be found in  
U .S .  G e o lo g ic a l S u rv e y  (1 9 7 3 ),
C o n c e n tra tio n  ( re s t in g )  a re a s  fo r  w in te r in g  w a te r fo w l a r e  
lo c a te d  th ro u g h o u t th e  B a s in  (F ig .  2 ) . T h e s e  a re a s  a r e  c h a r a c t e r is ­
t ic a l ly  un d er s ta te  o r  fe d e r a l  ju r is d ic t io n ,  a r e  c lo s e d  to  h u n tin g  o r  a r e  
d if f ic u lt  to  hunt, and a r e  in  c lo s e  p r o x im ity  to  up land fe e d in g  s ite s .
M o v e m e n ts  of w in te r in g  m a l la r d s  b e tw e e n  th e s e  c o n c e n tra t io n  
a re a s  w e r e  s tu d ie d  d u rin g  th e  w in te r s  of 1 9 7 8 -7 9  and 1 9 7 9 -8 0 . S tu d ies  
of o th e r  a s p ec ts  of m a l la r d  w in te r  e c o lo g y  w e r e  conducted  p r in c ip a l ly  
in  the  C o lu m b ia  N W R  v ic in i t y .  P o p u la tio n  s tu d ie s  c o n c e n tra te d  on 
G ra n t , A d a m s , and F r a n k l in  co u n tie s  (shaded  p o r t io n  of F ig .  2 ) 
b e c a u s e  th is  a r e a  ho sts  a la r g e  p o p u la tio n  of w in te r in g  m a l la r d s ,  m id ­
w in te r  p o p u la tio n  tre n d s  c o m p a re  w e l l  w ith  th o s e  of the  B a s in  as a
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w h o le , and d e ta ile d  a n n u a l c ro p  r e p o r ts  a r e  a v a i la b le  f o r  th e  U , S. 
B u re a u  o f R e c la m a t io n  C o lu m b ia  B a s in  I r r ig a t io n  P r o je c t .
C H A P T E R  I I I  
M A T E R IA L S  A N D  M E T H O D S  
M o v e m e n ts  o f W in te r in g  M a l la r d s
R a d io  P a c k a g e s
In i t ia l l y  I  used  a m in ia tu r e  t r a n s m it t e r  a tta c h e d  to  a m o d if ie d  
n a s a l s a d d le  (Sugden and P o s to n  1 9 6 8 ) c o n s tru c te d  o f b la c k  p o ly v in y l  
c h lo r id e  (P V C )  p la s t ic  (T r a n s i lw r a p  C o m p a n y , E a g a n , M in n . ; D . 
G ilm e r  and L ,  M e c h lin ,  p e r s .  c o m m . ). A n  a b o v e -w a te r  h a rn e s s  w a s  
ch osen  to  p re v e n t a n y  d is ru p t io n  o f b o d y  in s u la t io n , v i t a l  to  b ird s  
w in te r in g  in  a co ld  e n v iro n m e n t. B la c k  P V C , w ith  its  h ig h  h e a t  
a b s o rp t io n  q u a lit ie s , w as  used  to  m in im iz e  ic e  a c c u m u la t io n - -a  
p o te n t ia l p ro b le m  w ith  n e c k  and b i l l  m a r k e r s  (G re e n w o o d  and B a ir  
1 9 7 4 ).
R a d io  co m p o n en ts  in c lu d e d  a S M -1  t r a n s m it t e r  (0 .6 g ) (A V M  
In s tru m e n t C o m p a n y , C h a m p a ig n , 111. ), H g -5  75 (1 .2 g ) o r  H g -6 7 5  (2 .4 g )  
m e r c u r y  b a t te r y  (A V M ) ,  and  a p p r o x im a te ly  28  cm  of #2 32 1/2 A  
le a d -o u t  w ir e  (P e r fe c t  P a r ts  C o m p a n y , B a l t im o r e ,  M d . ) c o a te d  w ith  
3 .2  m m  O . D . b la c k  h e a t -s h r in k  tu b in g  (A l l ie d  E le c t r o n ic s ,  S e a t t le ,  
W a s h . ) fo r  th e  t r a n s m it t e r  a n te n n a .
F o llo w in g  p o ttin g  in  S c o tc h c a s t #5 e p o xy  r e s in  ( 3 - M  C o m p a n y ,
8
S t. P a u l ,  M in n . ), th e  t r a n s m it te r -b a t t e r y -a n te n n a  a s s e m b la g e  w as  
a tta c h e d  to  th e  n a s a l s a d d le  w ith  ho t g lu e  (B o s tik , R e a d in g , P e n n . ). 
S m a ll  h o le s  w e r e  punched  in  th e  n a s a l s a d d le  a t th e  a r e a  o f a tta c h m e n t  
to  a llo w  th e  g lu e  to  ru n  th ro u g h  and fo r m  an " a n c h o r . " A f te r  h a rd e n in g ,  
th e  g lu e  b e n e a th  th e  n a s a l s a d d le  w a s  sanded  to  m in im iz e  an y  fu tu re  
i r r i t a t i o n  to  th e  d u c k 's  b i l l  and fo re h e a d . T h e  c o m p le te d  p a ckag e  
w e ig h e d  f r o m  9 to  11 g , d e p en d in g  upon th e  b a t te r y  used .
B e c a u s e  P V C  p la s t ic  is  r e la t iv e ly  in f le x ib le  c o m p a re d  to  P V C  
ta p e  d e s c r ib e d  b y  Sugden and P o s to n  (1 9 6 8 ), c u s to m  f i t t in g  f o r  in d iv id u a l  
b ir d s  w a s  r e q u ir e d .  P r e l im in a r y  sh a p in g  w as  a c c o m p lis h e d  b y  h o ld in g  
th e  n a s a l s a d d le  o v e r  a h e a t s o u rc e  u n t il  f le x ib le ,  m o ld in g  th e  s a d d le  
a ro u n d  th e  u p p e r m a n d ib le  o f a dead  m a l la r d  o f th e  a p p ro p r ia te  s e x , 
and th e n  r e h a rd e n in g  th e  P V C  b y  s u b m e rg in g  i t  in  co ld  w a te r  fo r  about 
30 se c o n d s . A n y  a d d it io n a l s h ap in g  r e q u ir e d  a t th e  t im e  o f r a d io in g  
in v o lv e d  w a r m in g  th e  s a d d le  o v e r  a c a n d le , ta k in g  c a re  not to  o v e rh e a t  
th e  r a d io  c o m p o n e n ts , and a llo w in g  i t  to  c o o l w h ile  m o ld e d  a ro u n d  th e  
b i r d 's  b i l l .  T h e  p a c k a g e  w as  s e c u re d  to  th e  b i l l  b y  th re a d in g  18 kg  
te s t  m o n o fila m e n t l in e  th ro u g h  th e  n a re s  and "b e a d in g "  b o th  ends w ith  
a f la m e  as d e s c r ib e d  b y  B a r to n e k  and D an e  (1 9 6 4 ). T h e  a tta c h e d  
t r a n s m it t e r  la id  p a r a l le l  to  th e  b i l l  w ith  th e  a n ten n a  e x te n d in g  o v e r  and  
b e h in d  th e  head  (F ig .  3 a ) .
A f t e r  e x p e r ie n c in g  p ro b le m s  w ith  t r a n s m it t e r  an te n n a  
b re a k a g e  on th e  n a s a l s a d d le  p a c k a g e s  (s ee  R E S U L T S ) ,  a b a c k -m o u n te d
F ig .  3 . N a s a l sadd le  (a) and b a c k -m o u n te d  (b) ra d io  packages.
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r a d io  p a c k a g e  (F ig ,  3 b )  w as  used fo r  th e  d u ra t io n  of th e  s tu d y . P a c k a g e  
c o n s tru c t io n  w a s  s im i la r  to  th a t d e s c r ib e d  b y  D w y e r  (1 9 7 2 ) w ith  th e  
fo llo w in g  m o d if ic a t io n s :
1 . T h e  n e c k  lo o p  w as  c o n s tru c te d  o f 0 .7 6  m m  I .  D . X  1 .6 5  m m  
O , D . S i la s t ic  m e d ic a l-g r a d e  la te x  tu b in g  (D ow  C o rn in g  C o rp . , 
M id la n d , M ic h . ) r a t h e r  th a n  s iz e  18 P V C  tu b in g . T h e  la te x  
tu b in g  p e r m it te d  e s o p h a g e a l e x p a n s io n  and c o n tra c t io n  b y  
f ie ld - fe e d in g  m a l la r d s  w h ile  s im u lta n e o u s ly  m a in ta in in g  a  
snug f i t .  T e s ts  I  co n d u cted  w ith  c a p tiv e  g a m e  f a r m  m a lla r d s  
show ed no r e s t r ic t io n  o f c o rn  p a ssa g e  th ro u g h  th e  esophagus  
b y  th e  n e c k  lo o p .
2 . T h e  b o d y  and n e c k  lo o p s  w e r e  in d e p e n d e n tly  a d ju s ta b le .
3 . T h e  4 s h o r t  s e c tio n s  o f s iz e  12 P V C  tu b in g  th ro u g h  w h ic h  the  
n e c k  and b o d y  lo o p s  w e r e  a tta c h e d  a f te r  th e  t r a n s m it t e r  and  
b a t te r y  had b e e n  p o tte d , thus e l im in a t in g  8 p o te n t ia l s ite s  o f  
w a te r  se ep ag e  in to  th e  p a c k a g e . T h e  s e c tio n s  w e r e  in i t i a l l y  
a tta c h e d  w ith  S u p e r G lu e  (W o o d h ill P e r m a te x ,  C le v e la n d , O h io ),  
th e n  p e rm a n e n t ly  s e c u re d  b y  c o v e r in g  w ith  S co tc h c a s t #5 ep o xy  
r e s in ,
4 . T h e  t r a n s m it t e r  a n te n n a  w a s  co a te d  w ith  2 la y e r s  o f 3 .2  m m  
O , D . b la c k  h e a t - s h r in k  tu b in g  (A l l ie d  E le c t r o n ic s )  and  a s m a l l  
c o m p re s s io n  s p r in g  w a s  lo c a te d  a t th e  a n te n n a  b a s e  to  p re v e n t  
b re a k a g e  a t th e  p o in t o f f le x  w ith  th e  p o ttin g  co m p o u n d .
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R a d io  c o m p o n en ts  w e r e  id e n t ic a l to  th o s e  used  in  th e  n a s a l  
s a d d le  p a c k a g e s , e x c e p t th a t a la r g e r  H g -6 3 0  (4 .6  g ) m e r c u r y  b a t te r y  
w a s  used (A V M ) .  C o m p le te d  b a c k -m o u n t p a ck a g e s  w e ig h e d  1 5 -1 6  g. 
S m a ll  n a m e  tag s  w e r e  en c a s e d  in  a l l  r a d io  p a ck a g e s  to  f a c i l i t a t e  th e ir  
r e t u r n  b y  h u n te rs . A l l  r a d io s  w e r e  on th e  164 M H Z  fre q u e n c y  b and .
C a p tu re  and B a n d in g
M a lla r d s  w e r e  c a p tu re d  in  fu n n e l-e n tr a n c e  w ir e  m e s h  b a it  
t r a p s .  T r a p s  w e r e  p la c e d  in  < 3 0  c m  of w a t e r ,  b a ite d  w ith  w h o le  c o rn  
o r  w h e a t, and c h e c k e d  tw ic e  d a i ly .  B ir d s  w e r e  u s u a lly  r a d io  m a rk e d  
and r e le a s e d  w ith in  3 h o u rs  a f te r  r e m o v a l  f r o m  th e  t r a p s ,  bu t b ird s  
m a r k e d  in  th e  e v e n in g  d u r in g  s e v e r e  w e a th e r  w e r e  h e ld  o v e rn ig h t and  
r e le a s e d  th e  fo llo w in g  m o rn in g . R a d io e d  b ird s  w e r e  a ls o  f i t te d  w ith  
s ta n d a rd  U S F W S  a lu m in u m  le g  b a n d s . A l l  ra d io e d  b ird s  w e r e  r e le a s e d  
w ith in  100 m  o f th e  c a p tu re  s ite .
T r a c k in g  M e th o d s
M a jo r  m a l la r d  c o n c e n tra t io n  a re a s  (F ig .  2 ) w e r e  ch eck ed  fo r  
ra d io e d  b ird s  as o fte n  as w e a th e r  and b u d g et a llo w e d . R a d io e d  
m a lla r d s  w e r e  lo c a te d  u s in g  R A - 2 A  "H** r e c e iv in g  an ten n as  and  
2 T R 2 -T S 1  r e c e i v e r / s c a n n e rs  m a n u fa c tu re d  b y  T e lo n ic s , I n c . ,  M e s a ,  
A r i z .  A n  R A - 5  m a g n e tic  ro o f -m o u n t  o m n i-d ir e c t io n a l  an ten n a  
(T e lo n ic s )  w as  used to  m o n ito r  a r r iv a ls  and  d e p a r tu re s  of ra d io e d  
b ir d s  f r o m  an a r e a .
13
M o s t g ro u n d  t r a c k in g  w as  f r o m  a p ic ku p  t ru c k  equ ipped  w ith  
an ” h " a n te n n a  atop  a 3 m  m a s t s itu a te d  b eh in d  th e  cab . T h e  m a s t /  
an te n n a  co u ld  be  m a n u a lly  ro ta te d  360® b y  re a c h in g  th ro u g h  a s lid in g  
r e a r  w in d o w . T h e  g ro u n d  t r a c k in g  e f fo r t  w as  s u p p le m e n te d  b y  11 and  
37 h o u rs  o f a e r ia l  t r a c k in g  d u r in g  the  1 9 7 8 -7 9  and 197 9 -8 0  f ie ld  
s e a s o n s , r e s p e c t iv e ly .
F ie ld -F e e d in g  E c o lo g y
F o o d  H a b its
F o o d  h a b its  w e r e  b a s e d  on e s o p h ag e a l co nten ts  o f 2 91 h u n te r -  
k i l le d  m a l la r d s  d u r in g  the  1 9 7 8 -7 9  and 1 9 7 9 -8 0  hunting  se as o n s . 
E s o p h a g i w e r e  c o lle c te d  d i r e c t ly  f r o m  h u n te rs  and f r o m  b ird s  ta k en  
to  a c o m m e r c ia l  p ro c e s s in g  f a c i l i t y  in  O th e llo , W a s h in g to n . E so p h a g i 
w e r e  f r o z e n  as soon as p o s s ib le  a f te r  r e m o v a l to  p re v e n t fu r th e r  p o s t­
m o r te m  d ig e s tio n  (S w anson and B a r to n e k  1 9 7 0 ).
F o o d  ite m s  w e r e  m a n u a lly  s o r te d  b o th  m a c ro s c o p ic a lly  and  
u n d e r a d is s e c tin g  s c o p e . V o lu m e s  w e r e  re c o rd e d  to  th e  n e a re s t  
0 .0 1  m l ,  w ith  u n m e a s u ra b le  am o u n ts  re c o rd e d  as 0 .0 0 5  m l .  G r i t  w as  
r e c o rd e d  as b e in g  p re s e n t  (+ ) o r  ab se n t ( - ) .  F re q u e n c y  o f o c c u rre n c e  
and p e rc e n t  of a g g re g a te  v o lu m e  w e r e  c a lc u la te d . A g g re g a te  p e rc e n t  
v o lu m e  (Sw anson et a l .  1 9 7 4 ), g e n e r a l ly  re c o m m e n d e d  fo r  a n a ly z in g  
w a te r fo w l food  h a b its , w as  not used b e c a u s e  o f th e  c o n s is te n tly  la r g e  
d is p a r i t y  in  th e  to ta l  v o lu m e  o f fo o d  in  eso p h ag i c o n ta in in g  g ra in  v e rs u s
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th o s e  w ith o u t g r a in .
Seeds w e r e  id e n t if ie d  u s in g  Y o c o m  (1 9 5 1 ), M a r t in  and B a r k le y  
(1 9 6 1 ) , and se ed  r e fe r e n c e  c o lle c t io n s  m a in ta in e d  b y  th e  W i ld l i f e  
B io lo g y  P r o g r a m  and th e  A g ro n o m y  D e p a r tm e n t , W a s h in g to n  S ta te  
U n iv e r s i ty ,  P u llm a n . M e r r i t t  and C u m m in s  (1 9 7 8 ) and P e n n a k  (1 9 7 8 )  
w e r e  used to  id e n t ify  a q u a tic  in v e r te b r a te s .
C h a r a c te r is t ic s  o f U p la n d  F e e d in g  S ite s
A l l  m a l la r d  u p lan d  fe e d in g  lo c a tio n s  e n c o u n te re d  b e tw e e n  
O c to b e r  and F e b r u a r y  1 9 7 8 -7 9  and 1 9 7 9 -8 0  w e r e  r e c o rd e d . I  a ls o  
r e c o rd e d  d a te , t im e ,  c ro p  ty p e , f ie ld  c o n d itio n  (m a c h in e  c o m b in e d  
[s tu b b le ] ,  p lo w e d , chopped f o r  s ila g e , e t c . ) ,  and liv e s to c k  g ra z in g  
s ta tu s  (u n g ra z e d , g ra z e d , p r e v io u s ly  g r a z e d ) .  A d d it io n a l f ie ld - fe e d in g  
lo c a tio n s  w e r e  s u p p lie d  b y  3 W a s h in g to n  D e p a r tm e n t o f G a m e  e m p lo y e e s  
d u r in g  th e  1 9 7 9 -8 0  f ie ld  s e a s o n . A lth o u g h  th e  m e th o d  o f lo c a t in g  
fe e d in g  s ite s  w a s  n e ith e r  s y s te m a tic  n o r  c o m p le te , I  b e lie v e  th e  
s a m p le  w a s  r e p r e s e n ta t iv e  o f th e  u t i l iz a t io n  o f d i f fe r e n t  f ie ld  ty p e s  b y  
f ie ld - fe e d in g  m a l la r d s .  A l l  fo o d  p lo ts  on s ta te  o r  fe d e r a l  la n d s  p la n te d  
e x p r e s s ly  fo r  w a te r fo w l use w e r e  e x c lu d e d  f r o m  a n a ly s is .
A v a i la b i l i t y  o f th e  v a r io u s  c r o p - ty p e  f ie ld -c o n d it io n  g r a z in g -  
s ta tu s  c o m b in a tio n s  w e r e  d e te rm in e d  b y  c o n d u c tin g  283  k m  o f la n d -u s e  
t r a n s e c ts  th ro u g h  5 m a jo r  u p lan d  fe e d in g  a r e a s  d u r in g  197 9 -8 0  (F ig .
4 ) .  T r a n s e c ts  w e r e  ru n  in  m id -O c to b e r ,  la te  N o v e m b e r , and e a r ly
M O S E S  LAKE
M o s e s  L a k e  
T ra n s e c t
W ARD ENR o y a l  T r a n s e c t
r —T —1
•L i -  •R O Y A L  C IT Y
O th e llo
T ra n s e c t
O TH E L L O
/
CO NN ELL
R IC H LA N D
K E N N E W IC K
F ig .  4 . L o c a tio n s  of la n d -u s e  tra n s e c ts  and m a lla r d  f ie ld -fe e d in g
s ite s  ( • )  in  G ra n t, A d a m s , and F r a n k lin  co u n ties , W ash ing ton .
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J a n u a r y  a t  a p p r o x i m a t e ly  5 - w e e k  i n t e r v a l s .  L a n d - u s e  a d ja c e n t  to  b o th
s id e s  o f th e  t r a n s e c t  ro u te  w as r e c o rd e d  to  th e  n e a r e s t  0 .1 6  k m . T h e
/
r e la t iv e  p e rc e n ta g e  o f ea ch  la n d -u s e  ty p e  w as  th en  c a lc u la te d . P r e f ­
e re n c e s  o f f ie ld - fe e d in g  m a l la r d s  w e r e  d e te rm in e d  b y  c o m p a r in g  th e  
n u m b e r  o f fe e d in g  lo c a tio n s  o c c u r r in g  in  a p a r t ic u la r  f ie ld  ty p e  w ith  
i ts  e x p e c te d  f re q u e n c y  d e te rm in e d  f r o m  la n d -u s e  t ra n s e c ts  (c h i-s q u a re  
te s ts ) .
A  F O R T R A N  p r o g r a m  w as  w r i t te n  to  c a lc u la te  th e  d is ta n c e  
f r o m  e a c h  f ie ld - fe e d in g  lo c a t io n  (F ig .  4) to  a l l  c o n c e n tra t io n  a re a s  
(F ig .  2 ) . T h e  s m a lle s t  v a lu e  ( i .  e . , th e  d is ta n c e  to  th e  n e a re s t  c o n ­
c e n tra t io n  a r e a )  w a s  a  c o n s e rv a t iv e  e s t im a te  o f th e  d is ta n c e  flo w n  
b e tw e e n  th e  c o n c e n tra t io n  a r e a  w h e re  th e  f l ig h t  o r ig in a te d  and th e  
fe e d in g  s ite .
E n e r g y  and C o rn  R e q u ire m e n ts
B a s a l m e ta b o lic  r a te s  (B M R ) o f d ra k e  and hen m a lla r d s  w e r e  
c a lc u la te d  u s in g  th e  e q u a tio n  B M R  (k c a l /d a y )  = 90 d e r iv e d  fo r
A n s e r  i f  o rm e s  b y  Z a r  (1 9 6 9 ), w h e re  W  = w e ig h t in  k g . A v e ra g e  bo dy  
w e ig h ts  w e r e  e s t im a te d  f r o m  h u n t e r - k i l le d  m a l la r d s  d u rin g  th e  
a p p r o p r ia te  t im e  p e r io d . T h e  d a i ly  e n e rg y  co s t o f th e r m o re g u la t io n  
w a s  c a lc u la te d  as [ (2 ,0 6  -  0 .0 3 (T ) )  x  B M R ]  w h e re  T  = a m b ie n t t e m ­
p e r a tu r e  in  ®C (P r in c e  1 9 7 9 ). T h e  n e t e n e rg y  c o s t o f th e r m o re g u la t io n  
e q u a lle d  th is  v a lu e  m in u s  B M R , A c t iv i t y  e n e rg y  b u d g ets  w e r e
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c a lc u la te d  u s in g  t im e  b u d g et in fo rm a t io n  f r o m  m a lla r d s  w in te r in g  in  
N e b ra s k a  (J o rd e  1 9 8 1 ). R e la t iv e  e n e rg e t ic  co sts  of v a r io u s  a c t iv i t ie s  
(e x p re s s e d  in  m u lt ip le s  o f B M R  as su g g es te d  b y  K in g  [1 9 7 4 ] )  w e re  
e s tim a te d  f r o m  v a lu e s  in  the  l i t e r a t u r e ;
A c t iv i ty E n e rg y  C o s t S o u rc e
S leep 1.1 X  B M R W o o le y  and O w en  (1 9 7 8 )
C o m fo r t
m o v e m e n ts 1 .6  X  B M R W o o le y  and O w en (1 9 7 8 )
F  eed 1 .7  X  B M R W o o le y  and O w en  (1 9 7 8 )
A le r t 2 .1  X  B M R W o o le y  and O w en  (1 9 7 8 )
Sw im 3 .2  X  B M R F ra n g e  and S c h m id t-N ie ls o n  (1 97 0 )
F l ig h t 1 2 .4  X  B M R H a r t  and B e r g e r  (1 9 7 2 )
W a lk 3 .5  X  B M R K in g  (1 9 7 4 )
A g g re s s io n 7 .1  X  B M R e s tim a te d  b y  J o rd e  (1 9 8 1 )
C o u rts h ip 5 .0  X  B M R e s tim a te d  b y  J o rd e  (1 9 8 1 )
O th e r 1 .3  X  B M R W o o le y  and O w e n  (1 9 7 8 )
T h e  to ta l d a i ly  e n e rg y  r e q u ir e m e n t  (k c a l /d a y )  w as  d e fin e d  as the  ne t 
co s t o f th e r m o re g u la t io n  p lus  th e  to ta l  a c t iv i ty  e n e rg y  bu d g et.
T h e  to ta l  a m o u n t o f c o rn  r e q u ir e d  b y  m a lla r d s  w in te r in g  in  
G r a n t ,  A d a m s , and F r a n k l in  co u n ties  d u r in g  197 9 -8 0  w as  e s tim a te d  
b y  th e  e q u a tio n :
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T O T A L  C O R N  
R E Q U IR E M E N T
"  D D j [ ( M j  X  M D E R j)  +  ( F j  x  F D E R ^ )]  
t = l M E
w h e re :
D D
M
M D E R
F
F D E R
P
M E
n u m b e r  o f "d u c k  d a y s "  d u r in g  t im e  p e r io d  t
p ro p o r t io n  o f p o p u la tio n  w h ic h  is  m a le  (0 -1 )  . . .  t
m a le  d a i ly  e n e rg y  r e q u ir e m e n t  (k c a l /d a y )  . . .  t
p ro p o r t io n  o f p o p u la tio n  w h ic h  is  fe m a le  ( 0 - 1 )  . • .  t
fe m a le  d a i ly  e n e rg y  r e q u ir e m e n t  (k c a l /d a y )  . . .  t
p ro p o r t io n  o f d ie ta r y  e n e rg y  d e r iv e d  f r o m  c o rn  (0 -1 )  .
m e ta b o liz a b le  e n e rg y  o f a i r - d r i e d  c o rn  = 3850  k c a l /k g  
(S ib b a ld  1 9 7 9 )
. t
T h e  ha o f c o rn  r e q u ir e d  to  m e e t  th e  m a l la r d  p o p u la tio n 's  to ta l  c o rn  
d e m a n d  w a s  c a lc u la te d  as fo llo w s :
R E Q U IR E D  
H A  O F  C O R N
n
T O T A L  C O R N  
R E Q U IR E M E N T  (d u r in g  t im e  p e r io d  t )
t = l  A  (L A N D t  -  D U C K t)
w h e re :
A  = o r ig in a l  a m o u n t of w a s te  g r a in  a v a ila b le  a f te r  h a rv e s t in g ,  
a s s u m in g  an  a v e ra g e  c o rn  y ie ld  o f 71 00  k g /h a  (115  
b u s h e ls / a c re ;  U .S .  B u re a u  o f R e c la m a t io n  C o lu m b ia  
B a s in  P r o je c t  C ro p  R e p o r ts )  and th a t h a rv e s t in g  re m o v e d  
94%  o f th e  c ro p  (U .S .  F is h  and W i ld l i f e  S e rv ic e  1 9 8 1 ) ,  
th e  a m o u n t o f w a s te  c o rn  r e m a in in g  a f te r  h a rv e s t  
a v e ra g e d  426  k g /h a .
L A N D ^  = p ro p o r t io n  o f w a s te  g r a in  r e m a in in g  a t t im e  t a f te r
c o r r e c t in g  fo r  th e  a m o u n t lo s t  due to  t i l la g e  and g r a z in g  
(0 - 1),
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P ro p o r t io n  
o f w a s te  
g r a in
C o rn  s ta tu s  a v a ila b le
p ro p o r t io n  o f c o rn  th a t w a s  u n g ra z e d  s tu b b le  x  1 .0
+  g ra z e d  s tu b b le  x  0 .7
+  p r e v io u s ly  g ra z e d  s tu b b le  x  0 .5
+  d is k e d  s tu b b le  x  0.5'* ''
L A N D t
N o te : U n h a rv e s te d  (s ta n d in g ) and p lo w e d  c o rn  s ta tu s  c a te g o r ie s  
w e r e  no t in c lu d e d  in  th is  c a lc u la t io n  b e c a u s e  t h e ir  c o rn  
co m p o n e n t is  e s s e n t ia l ly  u n a v a ila b le  to  f ie ld - fe e d in g  
m a l la r d s .
" U .S .  F is h  and W i ld l i f e  S e rv ic e  (1 9 8 1 ).
'•“ '"U .S . D e p a r tm e n t o f A g r ic u l tu r e  (1 9 7 6 ).
D U C K t = p r o p o r t io n  o f w a s te  g r a in  re m o v e d  b y  f ie ld - fe e d in g  m a l la r d s  
p r io r  to  t im e  t .
T O T A L  C O R N  R E Q U IR E M E N T S  (k g ) (p r io r  to  t im e  t )
T O T A L  H A  O F  C O R N  P L A N T E D  x  426  k g /h a
T h is  is  a  m a x im u m  e s t im a te  b e c a u s e  no c o r r e c t io n  is  m a d e  fo r  th e
am o u n t o f c o rn  p r e v io u s ly  re m o v e d  b y  f ie ld - fe e d in g  m a l la r d s  w h ic h
w o u ld  h a v e  b e e n  lo s t  to  c u lt iv a t io n .
G r a in  P r e fe r e n c e s
S ex r a t io s  o f m a l la r d s  la n d in g , d e p a r t in g , and  fe e d in g  in  
s m a l l  g r a in  and c o rn  s tu b b le  w e r e  d e te rm in e d  and c o m p a re d  to  te s t  
f o r  v a r ia t io n s  b e tw e e n  f ie ld  ty p e s .
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T e n  b a it  t r a p s  w e r e  ch ec k ed  m o rn in g s  and e v e n in g s  f r o m  15 
to  26 J a n u a ry  to  c o m p a re  th e  a t t ra c t iv e n e s s  o f c o rn  and w h e a t as b a its  
f o r  d ra k e  and hen  m a l la r d s .  F o u r  t ra p s  w e r e  lo c a te d  on b o th  U p p e r  
and L o w e r  H a m p to n  la k e s ,  and 2 t r a p s  w e r e  p la c e d  in  th e  c r e e k  ab o ve  
J u v e n ile  L a k e , C o lu m b ia  N W R . T r a p s  in  each  lo c a tio n  w e r e  in  < 3 0  cm  
o f w a te r  and s p a ce d  about 5 m  a p a r t .  A l l  t r a p s  w e r e  id e n t ic a l in  c o n ­
s tru c t io n . A l te r n a te  t r a p s  w e r e  b a ite d  w ith  e q u a l (11 l i t e r )  am o u n ts  o f 
w h o le  c o rn  o r  w h e a t, and b a its  w e r e  ro ta te d  e v e r y  2 d a y s . A l l  c a p tu re d  
b ird s  w e r e  band ed  and r e le a s e d  as p a r t  o f C o lu m b ia  N W R 's  p o s t-s e a s o n  
b an d in g  p r o g r a m . R e s u lts  w e r e  a n a ly z e d  u s in g  th e  S ta t is t ic a l  P a c k a g e  
f o r  th e  S o c ia l S c ie n c e s  (SPSS) A n a ly s is  o f V a r ia n c e  (A N O V A ) p ro c e d u re  
(N ie  e t a l .  1 9 7 5 ).
F e e d in g - F l ig h t  C h ro n o lo g y
A l l  m a l la r d s  r e tu r n in g  to  and d e p a r t in g  f r o m  L o w e r  H a m p to n  
L a k e , C o lu m b ia  N W R  w e r e  m o n ito re d  on 9 days  b e tw e e n  2 7 N o v e m b e r  
1 9 7 9  and  4 F e b r u a r y  1 9 8 0 . I  r e c o rd e d  d a te , t im e ,  te m p e r a tu r e ,  
p e rc e n t  c lo u d  c o v e r ,  w in d  sp eed  and  d ir e c t io n ,  p re s e n c e  o r  ab s en c e  
o f p r e c ip ita t io n ,  a c t iv i t y  ( r e tu r n ,  d e p a r tu r e ,  in te rc h a n g e , o r  c o u rts h ip  
f l ig h t ) ,  n u m b e r  o f b ir d s  in v o lv e d , and th e  d ir e c t io n  o f f l ig h t .  W h en  
p o s s ib le , d e p a r tu re  and a r r i v a l  t im e s  o f ra d io e d  b ir d s  w e r e  a ls o  
r e c o r d e d .
A tte m p ts  to  m o n ito r  n o c tu rn a l fe e d in g - f l ig h t  a c t iv i ty  u s in g  a
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n ig h t -v is io n  sc o p e  w e r e  u n s u c c e s s fu l; r e s o lv in g  p o w e r w as  not 
s u ff ic ie n t  to  lo c a te  and fo llo w  f ly in g  m a l la r d s .
A  F O R T R A N  p r o g r a m  w as  w r i t te n  to  c o m p u te  th e  n u m b e r  of 
r e tu r n in g  and d e p a r t in g  f ie ld - fe e d in g  m a l la r d s  in  1 5 -m in u te  in te r v a ls  
in  r e la t io n  to  s u n r is e  and su n se t ( i .  e . , s o la r  t im e ) .  T h e  r e s u lts  w e r e  
p lo tte d  to  g r a p h ic a l ly  d e te r m in e  p e a k s  in  fe e d in g - f l ig h t  a c t iv i ty  and  
w h en  m a x im u m  n u m b e rs  o f m a l la r d s  w e r e  on th e  c o n c e n tra t io n  a r e a .
F e e d in g  F lo c k  S iz e  and C o m p o s it io n
S ex c o m p o s it io n  and s iz e  o f fe e d in g  f lo c k s  w e r e  n o ted  as  
fe e d in g  f l ig h ts  d e p a r t in g  f r o m  o r  r e tu r n in g  to  a c o n c e n tra t io n  a r e a  
p a s s e d  o v e rh e a d . O b s e rv a t io n  s ite s  w e r e  1 - 4  k m  n o r th -n o r th w e s t  of 
R o y a l Lake^ n o r th  o f S ad d le  M o u n ta in  L a k e , and n o r th  and e a s t of 
H a m p to n  la k e s .  T h e  fo llo w in g  d a ta  w e r e  r e c o rd e d  on a  c a s s e tte  
r e c o r d e r  and t r a n s c r ib e d  la t e r :  n u m b e r  in  f lo c k , a c t iv i ty  (d e p a rt in g  
o r  r e tu r n in g  fe e d in g  f l ig h t ) ,  and th e  se x  o f th e  f lo c k  le a d e r  and  as  
m a n y  o th e r  f lo c k  m e m b e rs  as p o s s ib le .
P h y s ic a l  C o n d itio n  In d ic e s  
C o n d itio n  in d ic e s  a r e  th e  m o s t r e l ia b le  and le a s t  e x p e n s iv e  
m e a s u r e  o f s t re s s  le v e ls  in  w a te r fo w l (B e n n e tt and B o le n  1 9 7 8 ). In  
th is  s tu d y , to ta l  b o d y  w e ig h t m e a s u re m e n ts  w e r e  c o r r e c te d  f o r  v a r i ­
a t io n s  in  b o d y  s iz e  u s in g  w in g  le n g th  as re c o m m e n d e d  b y  B e e r  and  
B o y d  (1 9 6 2 ) and O w e n  and  C o o ke  (1 9 7 7 ).
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B o d y  w e ig h t w a s  m e a s u re d  to  th e  n e a re s t  10 g u s in g  a  1 .5  kg  
c a p a c ity  B e  s o la  s p r in g  s c a le  (B le i t z  W i ld l i f e  F o u n d a tio n , H o lly w o o d , 
C a l i f .  ). W in g  le n g th  (m m ) w as  m e a s u re d  f r o m  th e  n o tc h  a t th e  bend  of 
th e  w in g  to  th e  end o f th e  lo n g e s t p r im a r y  as show n in  C a r n e y  (1 9 6 4 :v ) .  
T h e  in d e x  w as  c a lc u la te d  as fo llo w s :
C o n d itio n  In d e x  =
W in g  L e n g th  (m m )
M e a s u re m e n ts  w e r e  m a d e  on h u n te r - k i l le d  m a l la r d s  and b ird s  
c a p tu re d  d u r in g  p o s t-s e a s o n  b a n d in g  o p e ra tio n s  on C o lu m b ia  N W R . 
B e c a u s e  m o s t tra p p e d  b ir d s  had r e c e n t ly  co n su m ed  la r g e  q u a n tit ie s  o f 
b a it ,  th e y  w e r e  a n a ly z e d  s e p a r a te ly .  A n y  w e ig h t changes due to  re c e n t  
fe e d in g  a c t iv i t y  in  h u n te r  - k i l l e d  b ir d s  w e r e  a s s u m e d  to  be  in d ep en d en t 
o f age and  s e x . H u n te r  - k i l le d  b ir d s  w e r e  o n ly  m e a s u re d  i f  th e y  w e r e  
d r y .
T e m p o r a l  and S p a tia l V a r ia t io n s  in  Sex R a tio s  
S ex r a t io s  o f m a l la r d s  w e r e  d e te rm in e d  a t as m a n y  lo c a tio n s  
as p o s s ib le  d u r in g  th e  1 9 7 8 -7 9  and 1 9 7 9 -8 0  f ie ld  s e a s o n s . B in o c u la rs  
o r  te le s c o p e s  a id e d  in  s e x  id e n t if ic a t io n . O r ig in a l ly ,  th e  s ex  c o m p o ­
s it io n  o f b ir d s  lo c a te d  in  d i f fe r e n t  h a b ita ts  o r  engaged in  d i f fe r e n t  
a c t iv i t ie s  w e r e  no t d i f fe r e n t ia te d .  H o w e v e r , as i t  b e c a m e  a p p a re n t  
th a t th e  s e x e s  w e r e  no t h o m o g e n e o u s ly  d is t r ib u te d , th e  s ex  r a t io s  o f 
b ir d s  lo c a te d  on open w a te r  v s  lo a f in g  h a b ita ts  and engaged in  s w im m in g  
v s  lo a f in g -s le e p in g  a c t iv i t ie s  w e r e  r e c o rd e d  s e p a r a te ly  to  q u a n tify  th e s e
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d if fe r e n c e s .
T h e  fo llo w in g  3 m e th o d s  w e r e  used to  e s t im a te  th e  o v e r a l l  se x  
c o m p o s it io n  o f m a l la r d s  in  th e  C o lu m b ia  B a s in :
1, A e r i a l  p h o to g ra p h s  o f m a l la r d s  a t v a r io u s  c o n c e n tra t io n  a re a s .
2 , W e ig h te d  G ro u n d  C o u n ts - -s e p a r a te  s e x  r a t io  e s t im a te s  w e r e  
m a d e  fo r  m a l la r d s  in  open w a te r  and on lo a fin g  s ite s  a t a  
g iv e n  c o n c e n tra t io n  a re a ;  th e s e  e s t im a te s  w e r e  th en  w e ig h te d  
b a s e d  on th e  p ro p o r t io n  o f b ird s  in  each  h a b ita t ty p e .
3 . W e ig h te d  F e e d in g  F l ig h t s - - t h e  s e x  c o m p o s itio n  o f m a l la r d s  in  
7 f lo c k  s iz e  c a te g o r ie s  (n = 1 , 2 , 3 , 4 - 1 0 ,  1 1 -2 5 ,  2 6 -5 0 ,  > 5 0 )  
w e r e  w e ig h te d  b y  t h e ir  r e s p e c t iv e  fre q u e n c y  o f o c c u r re n c e .
C h i-s q u a r e  R X  C c o n tin g e n c y  ta b le s  o r  th e  W ile  ox on S igned
R a n k s  T e s t  (C o n o v e r  1 9 8 0 ) w e r e  used  to  te s t  fo r  te m p o r a l and s p a t ia l
v a r ia t io n s  in  m a l la r d  s e x  r a t io s .
P o p u la t io n  D y n a m ic s  
T h e  r e la t io n s h ip s  b e tw e e n  m id - w in t e r  m a l la r d  n u m b e rs  in  
G r a n t ,  A d a m s , and F r a n k l in  c o u n tie s  and w e a th e r ,  la n d -u s e , and  
b re e d in g  g ro u n d  v a r ia b le s  w e r e  a s s e s s e d  u s in g  u n i-  and m u lt iv a r ia t e  
l in e a r  r e g r e s s io n  te c h n iq u e s  (S P S S ). S im p le  and p a r t ia l  c o r r e la t io n  
c o e ff ic ie n ts  w e r e  a ls o  a n a ly z e d .
P r e - 1 9 7 6  m id - w in t e r  censu s d a ta  w e r e  p ro v id e d  b y  th e  
U S F W S  R e g io n a l O f f ic e ,  P o r t la n d , O re g o n ; p o s t-1 9 7 6  v a lu e s  w e r e  
ta k e n  f r o m  th e  a p p r o p r ia te  U S F W S  P a c i f ic  F ly w a y  R e p o r ts .  C e r e a l  
g r a in  h e c ta ra g e s  w e r e  o b ta in e d  f r o m  U . S, B u re a u  o f R e c la m a t io n  
C o lu m b ia  B a s in  I r r ig a t io n  P r o je c t  C ro p  R e p o r t  S u m m a ry  S h e e ts ,
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E p h ra ta , W a s h in g to n , B re e d in g  p o p u la tio n  in d ic e s  f r o m  r e fe r e n c e  
a r e a s  d e fin e d  b y  A n d e rs o n  and H e n n y  (1 9 7 2 ), w e r e  ta k e n  f r o m  
P o s p a h a la  e t a l .  (1 9 7 4 ) p r io r  to  1973; p o s t-1 9 7 3  v a lu e s  w e r e  p ro v id e d  
b y  R . P o s p a h a la , M ig r a t o r y  B ir d  M a n a g e m e n t O f f ic e ,  L a u r e l ,  
M a r y la n d . P r e - 1 9 7 1  b ro o d  p ro d u c tio n  in d ic e s  w e r e  ta k e n  f r o m  H en n y  
et a l .  (1 9 7 2 ), w h ile  la t e r  v a lu e s  w e r e  a g a in  p ro v id e d  b y  th e  M ig r a to r y  
B ir d  M a n a g e m e n t O f f ic e ,  W e a th e r  d a ta  w e r e  o b ta in e d  f r o m  th e  
N a tio n a l C l im a t ic  C e n te r ,  A s h e v i l le ,  N o r th  C a r o l in a ,
C H A P T E R  IV
R E S U L T S
M o v e m e n ts  o f W in te r in g  M a lla r d s  
T w e n ty -e ig h t  and 43 m a l la r d s  w e r e  ra d io e d  d u r in g  th e  1 9 7 8 -7 9  
and  197 9 -8 0  f ie ld  seaso n s  (T a b le  1 ) . D u r in g  1 9 7 8 -7  9, a l l  b ird s  w e r e  
eq u ip p ed  w ith  n a s a l s a d d le  r a d io  p a c k a g e s  e x c e p t fo r  5 ra d io e d  a t  
H a m p to n  L a k e s . A l l  b ir d s  w o re  b a c k -m o u n te d  r a d io  p a c ka g e s  in  
1 9 7 9 -8 0 , T e n  ra d io s  w e r e  to  b e  pu t on U m a t i l la  N W R  b ir d s ,  but 
f lu c tu a t in g  w a te r  le v e ls  s e v e r e ly  h in d e re d  tra p p in g ; th e  o n ly  5 
m a lla r d s  c a p tu re d  w e r e  ra d io e d .
C o n ta c t w ith  ra d io e d  b ird s  w a s  m u c h  b e t te r  in  197 9 -8 0  than  
1 9 7 8 -7 9 , T h e  a v e ra g e  n u m b e r  o f r e lo c a t io n s  p e r  b i r d  (5 .2  v s  2 ,8 ) ,  the  
a v e ra g e  n u m b e r  of d e te c te d  s h ifts  b e tw e e n  c o n c e n tra t io n  a re a s  p e r  
b i r d  (1 .7  v s  0 ,2 ) ,  and th e  a v e ra g e  n u m b e r  o f days b e tw e e n  r e le a s e  and  
th e  la s t  r a d io  lo c a tio n  (1 6 ,6  v s  6 ,8 )  w e r e  a l l  g r e a te r  in  1 9 7 9 -8 0 . I n ­
c re a s e d  f a m i l i a r i t y  w ith  th e  B a s in , th e  a d d it io n  o f a 2nd f u l l - t i m e  f ie ld  
a s s is ta n t , and in c re a s e d  g ro u n d  and a e r ia l  t r a c k in g  t im e  d u rin g  197 9 -  
80 m a y  e x p la in  a p o r t io n  o f th is  d i f fe r e n c e . H o w e v e r , the m a jo r  
fa c to r s  r e s p o n s ib le  w e r e  p ro b a b ly  th e  s h if t  to  b a c k -m o u n te d  r a d io  
p a c k a g e s  w ith  l a r g e r  b a t te r ie s ,  and th e  a d d it io n  o f a  c o m p re s s io n
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T a b le  1. L o c a tio n s  and d a te s  m a lla r d s  w e r e  ra d io e d  in  th e  C o lu m b ia  
B a s in .
F ie ld  s e a s o n L o c a tio n D a te
N u m b e r
cTcT ??
1 9 7 8 -7 9 H a m p to n  L a k e s 1 8 -2 8  N ov 5 5
2 - 4  Ja n 5 5
S ad d le  M o u n ta in  L a k e 1 1 -1 5  D ec 4 4
1 9 7 8 -7 9  s u b to ta l 14 14
1 9 7 9 -8 0 H a m p to n  L a k e s 1 9 -2 2  N ov 4 4
1 6 -2 0  D e c 4 3
5 -1 5  Ja n 3 3
2 1 -3 1  J a n 2 2
G a b le  M o u n ta in  P ond 7 -1 1  D e c 4 4
28 D e c -4  J a n 3 2
U m a t i l la  N W R 11 D ec 1 2
11 J a n 0 2
1 9 7 9 -8 0  s u b to ta l 21 22
T o ta l 35 36
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s p r in g  a t th e  an ten n a  b a s e . T w o  n a s a l s a d d le  p ackag e s  r e tu rn e d  f r o m  
b ird s  shot d u r in g  th e  1 9 7 8 -7 9  h u n tin g  seaso n  16 and 20 days a f te r  
ra d io in g  b o th  had th e ir  t r a n s m it te r  an ten n as  b ro k e n  o ff a t the  b ase  of 
th e  s a d d le . T w o  b a c k -m o u n t p a c ka g e s  on m a lla r d s  re c a p tu re d  in  b a it  
tra p s  and 3 r e tu rn e d  b y  h u n te rs  in  1 9 7 9 -8 0  re v e a le d  no an ten n a  
b re a k a g e .
A l l  ra d io e d  b ird s  not re lo c a te d  a f te r  th e ir  r e le a s e  (n = 11 in  
1 9 7 8 -7 9 ;  n = 5 in  1 9 7 9 -8 0 )  o r  found  dead < 5  days a f te r  r e le a s e  (n = 2 
in  1 9 7 8 -7 9 )  a r e  e x c lu d e d  f r o m  su bsequ ent t r e a tm e n t .
D ra k e  and hen m a lla r d s  ra d io e d  a t G a b le  M o u n ta in  P ond  
r e m a in e d  in  r a d io  c o n ta c t (and p re s u m a b ly  in  th e  B a s in ) lo n g e r  than  
th e ir  H a m p to n  L a k e  c o u n te rp a r ts  (2 8 .4  vs  1 4 .7  and 2 6 .6  vs  16 .2  d a y s , 
r e s p e c t iv e ly ) .  C o m b in in g  th e  se x e s  fo r  each  lo c a tio n , th is  d if fe re n c e  
w as  s ig n if ic a n t  (t = 1 .7 6 , 21 d f, P  <  0 .0 5 ) .  H o w e v e r , to ta l t im e  spent 
in  th e  B a s in  b y  d ra k e s  and hens at each  lo c a tio n  w as s im i la r  (P  >  0 .0 5 ) .  
H ens re m a in e d  on th e  " h o m e "  a r e a  w h e re  ra d io e d  (x = 8 .0  d a y s , n = 17) 
s lig h t ly  lo n g e r  than  d ra k e s  (x = 7 .0  d a y s , n = 1 7 ), and d ra k e s  w e r e  
re lo c a te d  on an  a v e ra g e  o f 3 .7  d i f fe r e n t  w a te r  a re a s  c o m p a re d  to  3 .3  
fo r  h e n s , in d ic a tin g  a  s l ig h t ly  g r e a te r  te n d e n cy  fo r  m a le s  to  " w a n d e r , "
T h e  m o s t c o m m o n  m o v e m e n t p a tte rn  o f m a lla r d s  ra d io e d  a t 
H a m p to n  L a k e s  w a s  to  R o y a l L a k e , and th en  s o u th w a rd  to  th e  W h ite  
B lu f fs  re g io n  o f th e  C o lu m b ia  R iv e r  (F ig .  5 ). T h e  d ire c t io n  o f m o v e ­
m e n t w as  la r g e ly  1 -w a y , w ith  o n ly  2 o f 8 b ird s  r e tu r n in g  to  C o lu m b ia
M o v e m e n t s  B e t w e e n  A r e a s
Z  H a n fo rd  P o w e r l in eNorth Potholes  Gam e R eserve
Potholes
Reservoir R a d io in g  S i te
. ^  Ham pton  
y  L a k e s
Royal ^  
Lake
OTHELLO





to  C o ld  S p r in g *
U m o t l l l *  NW R NW R
KENNEW ICK
s * *
M cNARY NW R
F i g .  5 . M o v e m e n t  p a t te r n s  o f m a l la r d s  r a d io e d  a t  H a m p to n  L a k e s ,  
C o lu m b ia  N W R .
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N W R  f r o m  W h ite  B lu f fs .  S im i la r ly ,  8 b ir d s  w e r e  d e te c te d  m o v in g  
f r o m  H a m p to n  L a k e s  to  R o y a l L a k e ,  b u t o n ly  1 w a s  know n to  m a k e  the  
r e v e r s e  t r i p .  F r o m  W h ite  B lu f fs ,  m o v e m e n ts  w e r e  m a d e  b e tw e e n  
o th e r  is la n d  g ro u p s  on th e  R iv e r ,  p r im a r i l y  th o se  in  th e  h u n tin g  
c lo s u re  u p s tre a m  f r o m  th e  H a n fo rd  P o w e r l in e ,  T w o  b ir d s  w e r e  
e v e n tu a lly  lo c a te d  as f a r  so u th  as U m a t i l la  and C o ld  S p rin g s  N W R  s .
M o v e m e n t p a tte rn s  o f b ird s  ra d io e d  on G a b le  M o u n ta in  P ond  
w e r e  m o r e  v a r ia b le  th a n  th o s e  o f H a m p to n  L a k e s  b ird s  (F ig ,  6 ). T h e  
3 H a n fo rd  ponds (G a b le  M o u n ta in  P o n d , B -P o n d , and W e s t P o n d ) a r e  
t r e a te d  as 1 lo c a tio n  in  F ig .  6 and in te rp o n d  m o v e m e n ts , a lth o u g h  
c o m m o n , a r e  n o t sh ow n . In te rc h a n g e  w as  fre q u e n t b e tw e e n  the  
H a n fo rd  ponds and th e  C o lu m b ia  R iv e r  to  th e  n o r th  and e a s t. F o u r  
b ir d s  w e r e  s u b s e q u e n tly  lo c a te d  on S ad d le  M o u n ta in  L a k e  and 3 b ird s  
w e r e  fo und  on th e  S nake R iv e r  a b o ve  Ic e  H a r b o r  D a m ; no b ird s  ra d io e d  
a t H a m p to n  L a k e s  w e r e  r e lo c a te d  on e ith e r  a r e a .  O ne d ra k e  m o ved  
n o r th  o v e r  th e  S ad d le  M o u n ta in s  to  R o y a l L a k e , N o r th  P o th o le s  G a m e  
R e s e r v e ,  and H a m p to n  L a k e s  b e fo r e  r e tu r n in g  to  W h ite  B lu f fs .
B ir d s  ra d io e d  a t U m a t i l la  N W R  w e r e  n e v e r  re lo c a te d  o ff  th e  
R e fu g e  e x c e p t fo r  1 b i r d  n e a r  C ro w  B u tte . I  found  no in d ic a t io n  th a t  
U m a t i l la  b ir d s  u t i l iz e d  o th e r  C o lu m b ia  B a s in  c o n c e n tra t io n  a re a s  n o rth  
of th e  R e fu g e .
R e lo c a t io n s  w e r e  b a s ic a l ly  r e s t r ic t e d  to  F is h  and W i ld l i f e  
S e r v ic e ,  W a s h in g to n  D e p a r tm e n t  o f G a m e , and D e p a r tm e n t  o f E n e rg y
M o v e m e n t s  B e t w e e n  A r e a s
N o r th  P o th o le s  
G a m e  R e s e rv e ^ H a n fo r d  P o w e r l in e
P o th o le s





R o y a l
L a k e
O TH E LLO
SADDLE M TN . NW R
S a d d le  M tn . 
L a k e
G able  M tn. 
Pond
RICHLAND PASC O
M cN ARY NW R
KENNEW ICK
F ig *  6 ,  M o v e m e n t  p a t te r n s  o f m a l la r d s  r a d io e d  a t  G a b le  M o u n ta in  
P o n d , D e p a r tm e n t  o f E n e r g y  H a n fo r d  S ite .
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" r e fu g e ” a r e a s .  T h e  o n ly  n o n -re fu g e  a r e a  used  r e g u la r ly  d u r in g  th e  
h u n tin g  s e a s o n  w a s  th e  s t r e tc h  o f C o lu m b ia  R iv e r  f r o m  th e  H a n fo rd  
P o w e r l in e  so u th  to  R ic h la n d . T h e  p o r t io n  o f th e  C o lu m b ia  R iv e r  
b e tw e e n  S ad d le  M o u n ta in  N W R  and th e  H a n fo rd  P o w e r lin e  w as  h e a v i ly  
used b y  b ird s  r a d io e d  a t  b o th  G a b le  M o u n ta in  P ond and H a m p to n  L a k e s .
N o  r a d io e d  b ir d s  w e r e  fo u n d  on W a n a p u m  o r  P r ie s t  R a p id s  
p o o ls , and o n ly  1 b i r d  a p ie c e  w e r e  lo c a te d  on P o th o le s  R e s e r v o ir  and  
th e  n e w ly  e s ta b lis h e d  N o r th  P o th o le s  G a m e  R e s e r v e ,  a lth o u g h  th e s e  
4 a re a s  w e r e  c h e c k e d  a p p r o x im a te ly  tw ic e  p e r  w e e k . T h is  does not 
e x c lu d e  m a l la r d  in te rc h a n g e  b e tw e e n  th e s e  a re a s  and th o s e  used  b y  
G a b le  M o u n ta in  P o n d  and H a m p to n  L a k e s  b i r d s ,  b u t su g g ests  th a t i t  
m a y  be r e la t iv e ly  in fre q u e n t . O th e r  f r e q u e n t ly  ch e ck e d  a re a s  th a t  
y ie ld e d  no r e lo c a t io n s  w e r e  S co o ten ey  R e s e r v o ir ,  E a g le  L a k e s ,
M c N a r y  N W R , and th e  C o lu m b ia  R iv e r  f r o m  P a s c o  d o w n s tre a m  to  
U m a t i l la  N W R . N o  b ird s  w e r e  re lo c a te d  on T o p p e n is h  N W R , M c K a y  
N W R , o r  th e  Y a k im a , U m a t i l la ,  o r  W a l la  W a l la  r iv e r s ;  h o w e v e r , 
th e s e  a r e a s  w e r e  ch e c k e d  in fre q u e n t ly  and  o n ly  d u rin g  a e r ia l  s e a rc h e s .
F ie ld - F e e d in g  E c o lo g y
F o o d  H a b its
E x c e p t fo r  m in o r  v a r ia t io n s ,  m a le s  and  fe m a le s  e x h ib ite d  
s im i la r  d ie t a r y  tre n d s  th ro u g h  th e  f a l l  and  w in te r  (F ig .  7 ) . D ie ts  w e r e  
a ls o  b a s ic a l ly  s im i la r  b e tw e e n  th e  2 y e a r s ,  sh o w in g  s ig n if ic a n t
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F ig .  7 . F a l l  and w in te r  food  h a b its  o f C o lu m b ia  B a s in  m a l la r d s .
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d e c re a s e s  in  s m a l l  g r a in  (w h e a t and b a r le y ) ,  b a r n y a r d  g ra s s  
(E c h in o c h lo a  sp p . ), and a q u a tic  and t e r r e s t r i a l  seed s  a f te r  m id -  
O c to b e r , A  n e a r ly  e x c lu s iv e  c o rn  d ie t  w as  e s ta b lis h e d  b y  m id -  
N o v e m b e r . D e s p ite  th e  h ig h  u t i l iz a t io n  of g r a in ,  o v e r  40 p la n t g e n e ra  
and 10 fa m i l ie s  o f in v e r te b r a te s  w e r e  re p re s e n te d  in  th e  d ie t .  A  
d e ta ile d  s u m m a r y  o f fo o d  h a b its  r e s u lts  is  p re s e n te d  in  A p p e n d ix  A .
M id -O c to b e r  fo od  h a b its  w e r e  m o r e  v a r ie d  th an  a t an y  o th e r  
t im e  d u r in g  th e  h u n tin g  s e a s o n . C o rn  and s m a ll  g r a in  a c co u n te d  fo r
8 7 .8  and 72 .3 %  (a g g re g a te  v o lu m e ) o f th e  d ie t  o f d ra k e s  and hens; 
b a rn y a r d  g r a s s , b u lru s h  (S c irp u s  spp. ) and s m a r tw e e d  (P o ly g o n u m  
spp. ) s e ed s  m a d e  up m o s t o f th e  r e m a in d e r .  A n im a l m a t te r  c o m p r is e d  
o n ly  0 .3 8  and 0 .9 9 %  of th e  d ie t  o f m a le s  and fe m a le s ,  r e s p e c t iv e ly .
T h e  p ro p o r t io n  of c o rn  v s  s m a l l  g r a in  in  th e  m id -O c to b e r  d ie t v a r ie d  
s ig n if ic a n t ly  b e tw e e n  y e a r s ,  and a p p e a re d  to  be  depen dent upon th e  
t im in g  o f th e  c o rn  h a rv e s t . In  1 9 7 8 , w h en  th e  c o rn  h a rv e s t  b eg an  in  
m id -O c to b e r ,  c o rn  c o m p r is e d  o n ly  4 .9  and 0% and s m a l l  g r a in  7 6 .1  and  
83 ,0%  of th e  d ie t  of d ra k e s  and h e n s , r e s p e c t iv e ly .  B e c a u s e  of w a r m ,  
d r y  w e a th e r ,  th e  197 9 f ie ld  c o rn  h a rv e s t  w as  a p p r o x im a te ly  40%  c o m ­
p le te d  b y  m id -O c to b e r .  C o rn  in c re a s e d  to  7 3 ,5  and 53 .1%  of m a le  and  
fe m a le  d ie ts ,  w h ile  s m a l l  g r a in  d e c re a s e d  to  2 .4  and 0% . A n o th e r  
d ie t a r y  d if fe r e n c e  b e tw e e n  y e a r s  w as  th a t r e la t iv e ly  m o re  g r a in  (8 6 .5  
v s  5 3 ,1 % ) and le s s  b a r n y a r d  g ra s s  (0 .7  v s  3 7 .3% ) w e r e  c o n su m e d  b y  
fe m a le s  d u r in g  m id -O c to b e r  in  1978  th a n  in  1 9 7 9 ,
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C o rn  r e m a in e d  th e  d ie ta r y  s ta p le  th ro u g h o u t la te  f a l l  and  
w in te r ,  c o m p r is in g  m o r e  th a n  95% of th e  d ie t  o f b o th  s e x e s  b e tw e e n  
15 N o v e m b e r  and 20 J a n u a ry , N o  b ird s  c o n ta in in g  s m a ll  g r a in  w e re  
o b ta in e d  b e tw e e n  15 N o v e m b e r  and 15 D e c e m b e r  in  e ith e r  y e a r ;  
h o w e v e r , b e tw e e n  16 D e c e m b e r  and 20 J a n u a ry , s m a l l  g r a in  m a d e  up
2 ,8  and 3 .4%  of th e  d ie t  o f d ra k e s  and h e n s . A q u a tic  seed  u t i l iz a t io n  
d e c lin e d  th ro u g h  th e  s e a s o n  f r o m  2 .3 5 %  fo r  m a le s  and 5 .5 5%  fo r  
fe m a le s  in  m id -O c to b e r  to  0 .0 3  and 0 .0 4 %  in  la te  D e c e m b e r  and  
J a n u a ry . C o n s u m p tio n  o f t e r r e s t r i a l  seeds fo llo w e d  a s im i la r  p a tte rn .  
E x c e p t fo r  b a r n y a r d  g ra s s , g ra s s  seeds d e c lin e d  to  g e n e r a l ly  o n ly  
t r a c e  a m o u n ts  a f te r  m id -O c to b e r .  P ig w e e d  (A m a ra n th u s  spp. ) and  
la m b s -q u a r te r s  (C h e n o p o d iu m  sp p . ) w e r e  th e  m o s t c o m m o n ly  co n su m ed  
t e r r e s t r i a l  se ed s  a f te r  m id -N o v e m b e r .  E a c h  o c c u r re d  in  abou t 20%  o f 
th e  b ir d s  s a m p le d , b u t to g e th e r  c o m p r is e d  o n ly  0 .0 2 %  o f th e  d ie t .  
A q u a tic  v e g e ta tio n  m a d e  up < 1 %  of th e  d ie t d u rin g  a l l  3 t im e  p e r io d s .  
D u c k w e e d  (L e m n a  spp. ) and po ndw eed  tu b e rs  (P o to m a g e to n  sp p . ) w e r e  
m o s t c o m m o n ly  co n su m e d ; a lg a e  and s u b m e rg e n t v e g e ta tio n  w e r e  e a te n  
le s s  f r e q u e n t ly ,  bu t w e r e  c o n s u m e d  in  g r e a te r  a m o u n ts . A n im a l  
m a t te r  c o m p r is e d  f r o m  0 .0 9  to  0 .9 9%  o f the  d ie t  and r e m a in e d  
r e la t iv e ly  s ta b le  th ro u g h o u t th e  s e a so n . C h iro n o m id a e , C o e n a g r id a e , 
and L im n e p h il id a e  la r v a e  w e r e  th e  m o s t c o m m o n ly  u t i l iz e d  in s e c ts .  
H y d ro p s y c h id a e  la r v a e ,  w h ic h  a r e  r e s t r ic t e d  to  ru n n in g  w a te r  (P e n n a k  
1 9 7 8 ), w e r e  u t i l iz e d  n e a r  th e  end o f th e  s e a s o n  w h e n  ic e  c o v e r  m a d e
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m a n y  le n t ic  h a b ita ts  in a c c e s s ib le . T h e  r e m a in d e r  of th e  a n im a l d ie t  
c o n s is te d  m a in ly  o f s n a il  s h e lls  (G a s tro p o d a ).
C h a r a c te r is t ic s  and S e le c tio n  
of U p la n d  F e e d in g  S ite s
E ig h ty - f iv e  and 139  m a l la r d  u p lan d  fe e d in g  s ite s  w e r e  lo c a te d  
b e tw e e n  m id -N o v e m b e r  and m id - F e b r u a r y  in  1 9 7 8 -7 9  and 1 9 7 9 -8 0 .
D a ta  f r o m  the  2 y e a r s  w e r e  p o o le d  b a s e d  on th e ir  s im i la r i t y  (X^ = 3 .4 4 ,
12 d f, P  > 0 .9 ) .  L a te  N o v e m b e r  la n d -u s e  t ra n s e c t  r e s u l ts ,  w e ig h te d  b y  
r e la t iv e  t r a n s e c t  le n g th , w e r e  used to  d e te rm in e  a v a i la b i l i t y  b e c a u s e  
c o rn  h a rv e s t  w a s  n e a r ly  c o m p le te  and la n d -u s e  had s ta b il iz e d  s o m e ­
w h a t as d e c re a s in g  te m p e r a tu re s  l im ite d  t i l la g e  o p e ra tio n s . M id -  
O c to b e r , la te  N o v e m b e r , and e a r ly  J a n u a ry  r e s u lts  fo r  each  tra n s e c t  
a r e  show n in  A p p e n d ix  B .
C o r n f ie ld s  c o m p r is e d  about 95% of the fe e d in g  s ite s  used d u r in g  
b o th  w in te r s  (T a b le  2 ) .  S tu b b le  (m a c h in e  c o m b in e d ) f ie ld s  w e r e  u t i l iz e d  
s ig n if ic a n t ly  m o re  th a n  e x p e c te d  ( P < 0 .0 0 1 )  and acco u n te d  fo r  83 .6%  of 
a l l  f ie ld - fe e d in g  lo c a t io n s . S tu b b le  f ie ld s  w e r e  used h e a v i ly  th ro u g h o u t  
th e  w in te r  w h e re a s  d is k e d  s tu b b le  and chopped s ila g e  f ie ld s  w e r e  used  
m o s t a f t e r  m id -J a n u a r y ,  O n th e  2 o c c a s io n s  b ird s  w e r e  o b s e rv e d  in  
s ta n d in g  c o rn , >  10 c m  o f snow  c o v e re d  the  g ro u n d  and te m p e r a tu re s  
w e r e  < -1 0 ® C . L o c a tio n s  in  p lo w e d  c o rn  (n = 2 ) w e r e  a d ja c e n t to  
s tu b b le  f ie ld s  b e in g  fe d  in  b y  o th e r  m a l la r d s .  T h e s e  b ird s  a p p e a re d  
to  be  r e s t in g  r a t h e r  th an  fe e d in g , and p ro b a b ly  r e p r e s e n te d  b ir d s
Table 2. Characteristics of m allard field-feeding locations in the Columbia Basin, November-  
February, 1978-79 and 1979-80.





Corn Stubble 187 83,6 9.1 1362.2***
Disked stubble 13 5.8 5.2 0.16
Chopped (silage) 5 2.2 1.9 0.13
Unharvested 2 0.9 0.2 5.3*
Plowed 2 0,9 0.1 14.08***
Unidentified 3 1.3
Corn subtotal 212 94.6
Small grain Stubble^ 9 4.0 2.4 2.44
Green winter wheat 1 0.5
Small grain subtotal 10 4.5
Feed lot 1 0.4
Unidentified 1 0,4
Other 0 0.0
Total 224 100.0 100.0
’̂ P<0.05.
P<0.001.
^Availability based on weighted late November land-use transect results (1979).
^Eight of 9 field-feeding locations in wheat or barley stubble were after 23 January,
&0Q)
37
"b e tw e e n "  fe e d in g  p e r io d s . T h e r e fo r e ,  th e  p ro p o r t io n  o f a c tu a l f i e ld -  
fe e d in g  lo c a tio n s  in  c o rn  s tu b b le  m a y  be s l ig h t ly  h ig h e r  th an  m y  f ig u re s  
in d ic a te . S m a ll g r a in  s tu b b le  w as  u t i l iz e d  m o s t d u rin g  O c to b e r  (see  
F o o d  H a b its )  and a g a in  a f te r  m id -J a n u a r y .  T h e  in d ic a te d  h e a v y  
r e l ia n c e  on c o rn  a g re e s  w ith  r e s u lts  o f food h a b it a n a ly s e s .
L iv e s to c k  ( p r im a r i ly  c a t t le )  g ra z in g  s ta tu s  (ung ra z e d , g ra z e d ,  
o r p r e v io u s ly  g ra z e d ) w as  re c o rd e d  fo r  107 fe e d in g  lo c a tio n s  in  c o rn  
s tu b b le  f ie ld s  d u rin g  1 9 7 9 -8 0 , T h e  p e rc e n ta g e  of fe e d in g  lo c a tio n s  
o c c u r r in g  in  each  g ra z in g  c a te g o ry  w as c o m p a re d  w ith  its  a v a i la b i l i t y  
(F ig ,  8 ) fo r  4 t im e  p e r io d s  b e tw e e n  22 N o v e m b e r  and 8 F e b r u a r y .
T h e  p ro p o r t io n s  o f m a l la r d  f ie ld - fe e d in g  lo c a tio n s  in  u n g ra ze d  
s tu b b le  w e r e  c o n s is te n tly  g r e a te r  th an  o r  e q u a l to  its  a v a i la b i l i t y  
ex c ep t f r o m  1 -2 2  J a n u a ry , w hen  g ra z e d  s tu b b le  w as  u t i l iz e d  a lm o s t  
e x c lu s iv e ly . T h ir te e n  c e n t im e te rs  o f w e t snow on 4 -5  J a n u a ry  
fo llo w e d  b y  7 days w ith  lo w  te m p e ra tu re s  a v e ra g in g  -16® C  fo rm e d  a  
th ic k  c ru s t  o f ic e , m a k in g  a c c e s s  to  w a s te  g r a in  d i f f ic u lt  fo r  fe e d in g  
m a lla r d s .  A n  a d d it io n a l 10 c m  of snow  on 1 0 -1 2  J a n u a ry  fo llo w e d  b y  
f r e e z in g  r a in  on the  14 th  ca u se d  fe e d in g  co n d itio n s  to  d e te r io r a te  
fu r t h e r .  A s  m o d e ra t in g  te m p e ra tu re s  m e lte d  th e  snow and ic e  c o v e r ,  
b ir d s  re s u m e d  fe e d in g  p r im a r i l y  in  u n g ra z e d  f ie ld s .  M a lla r d s  
a p p a re n t ly  p r e f e r r e d  u n g ra z e d  s tu b b le  e x ce p t w h en  w e a th e r  co n d itio n s  
m a d e  i t  n e c e s s a ry  f o r  th e m  to  r e l y  on c a tt le  to  expose w a s te  g r a in .  
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DATE
F i g .  8 . Use v e rs u s  a v a ila b i l i ty  of u n g razed , g ra ze d , and p re v io u s ly  g ra zed  
c o rn  s tub b le  by f ie ld -fe e d in g  m a lla rd s . S ig n ific an t d iffe re n c e s  a re  
in d ic a ted  by a d arken ed  sym b o l ( ♦ > .  T e s t s ta tis t ic  w as w ith  1 
d e g re e  of fre e d o m .
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w in te r ,  d e s p ite  th e  fa c t  c a t t le  p ro b a b ly  o n ly  re m o v e d  about 50%  o f the  
w a s te  c o rn  (U .S .  F is h  and W ild l i f e  S e rv ic e  1 9 8 1 ).
L o c a tio n s  o f 221 fe e d in g  s ite s  in  149  d if fe r e n t  f ie ld s  w e re  
re c o rd e d  in  1 9 7 8 -7 9  and 1 9 7 9 -8 0  ( r e f e r  to  F ig ,  4 ) . M e a n  d is ta n c e  of 
fe e d in g  s ite s  f r o m  th e  n e a re s t  c o n c e n tra tio n  a r e a  a v e ra g e d  7 .9  ±  3 ,6  
and 8 .6  ±  3 .6  k m  (x ±  S D ) in  1 9 7 8 -7 9  and 1 9 7 9 -8 0 , r e s p e c t iv e ly  (F ig . 9), 
T h e s e  v a lu e s  a r e  a m in im u m  e s t im a te  o f th e  a v e ra g e  d is ta n c e s  flo w n  
to  fe e d in g  s ite s .
T w e n ty -e ig h t  of 31 fe e d in g  s ite s  (9 0 ,3% ) < 5  k m  f r o m  a c o n ­
c e n tra t io n  a r e a  w e r e  n e a re s t  to  R o y a l L a k e , w h ic h  is  bounded on 2 
s id e s  b y  a g r ic u l t u r a l  la n d s  w ith  n u m e ro u s  c o rn  and s m a ll  g r a in  f ie ld s .  
M o s t o th e r  c o n c e n tra tio n  a re a s  a r e  s u rro u n d e d  b y  v a ry in g  am ou nts  of 
s a g e -g ra s s la n d , b a s a lt  o u tc ro p p in g s , o r  o th e rw is e  u n s u ita b le  fe e d in g  
h a b ita t .
E n e r g y  and C o rn  R e q u ire m e n ts
D a i ly  e n e rg y  re q u ire m e n ts  o f d ra k e  and hen m a lla r d s  b e tw e e n  
15 O c to b e r  and 15 J a n u a ry  w e r e  e s t im a te d  to  be  2 8 5 -3 1 6  and 2 6 5 -2 9 6  
k c a l /d a y ,  r e s p e c t iv e ly  (T a b le  3 ). E n e rg y  r e q u ire m e n ts  in c re a s e d  as  
th e  se aso n  p ro g re s s e d  p r im a r i l y  b e c a u s e  d e c re a s in g  a m b ie n t t e m p e r a ­
tu re s  in c re a s e d  re q u ire m e n ts  f o r  h o m e o th e rm y . A s s u m in g  ea ch  g ra m  
o f c o rn  p ro v id e d  3 .8 5  k c a l o f m e ta b o liz a b le  e n e rg y  (S ib b a ld  1 9 7 9 ), d a ily  
c o rn  r e q u ire m e n ts  w e r e  7 4 -8 1  g f o r  m a le s  and 6 9 -7 4  g fo r  fe m a le s .
1978-79
3 5 7 9 I I  13 I 5 / / 2 5  26
DISTANCE TO CO NCENTRATION AREA (K M )
1979-80
5 7 9 I I  13 15 17
DISTANCE TO C O N C E N T R A T IO N  AREA (K M )
F ig . 9. D is tan ce  fro m  upland feed ing  s ites  to  the n e are s t concentra tion  
a re a .
2 1 22
Table 3, Energy and corn requirements of m allards in Grant, Adams, and Franklin  counties from  














15-31 Oct 285 265 150,000 497 103,605 4,561,243
1-30 Nov 300 277 471,100 3586 1,067,499 6,520,060
1-31 Dec 312 286 564,700 5963 1,371,355 5,036,956
1-15 Jan 316 292 151,500 1278 180,855 3,096,795
Total 11,324^ 3,285,338
^See METHODS for calculations used to derive these values.
^Population size based on appropriate aeria l census figures except for 15-31 Oct which was 
estimated subjectively.
^Estimates are inflated because no correction is made for the amount of corn previously removed 
by field-feeding mallards which would have been lost to cultivation.
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M a l la r d  p o p u la tio n  e s tim a te s  w e r e  ta k e n  f r o m  a p p ro p r ia te  
U S F W S  a e r ia l  cen su ses  e x c ep t th e  f ig u r e  fo r  1 5 -3 1  O c to b e r  w h ic h  w as  
e s tim a te d  s u b je c t iv e ly . A s s u m in g  (1 ) a  m a l la r d  p o p u la tio n  th a t w as  
co m p o se d  o f 60% m a le s , (2 ) th a t c o rn  p ro v id e d  60%  of d ie ta r y  e n e rg y  
b e tw e e n  15 and 31 O c to b e r , and (3 ) th a t c o rn  p ro v id e d  100%  o f the  
p o p u la tio n 's  d ie ta r y  e n e rg y  th e r e a f te r ,  th e  to ta l am ou nt o f c o rn  
r e q u ir e d  to  s u p p o rt th is  e s tim a te d  p o p u la tio n  to  15 J a n u a ry  w as  
3 ,2 8 5 ,3 3 8  kg  o r  a p p ro x im a te ly  3285 m e t r ic  to n s . A f te r  acco u n tin g  fo r  
th e  p ro p o r t io n  of w a s te  c o rn  lo s t d u rin g  each  t im e  p e r io d  due to  la n d -  
use changes (d is k in g  and p lo w in g ), c a tt le  g ra z in g , and f ie ld - fe e d in g  
ducks (see  M E T H O D S  fo r  an  e x p la n a tio n  o f the  c a lc u la t io n s ), about 
30% of th e  w a s te  g ra in  re m a in e d  on 15 J a n u a ry  f r o m  the la r g e s t  c o rn  
c ro p  (2 1 ,8 9 6  h a ) e v e r  g ro w n  in  th e  B a s in . F ig s . B -2  and B -3  
(A p p en d ix  B ) i l lu s t r a t e  how th e  s ta tu s  of c o rn  f ie ld s  changed d u rin g  
th e  f a l l  and w in te r  o f 197 9 -8 0 . T h e s e  d a ta  w e r e  used to  c a lc u la te  th e  
p ro p o r tio n s  of w a s te  c o rn  re m a in in g  d u rin g  each  t im e  p e r io d .
S u ff ic ie n t c o rn  w as  a p p a re n tly  a v a ila b le  to  m e e t th e  p o p u la ­
t io n 's  e n e rg y  d em and  th ro u g h  15 J a n u a ry . T h e r e fo r e ,  th e  e m ig ra t io n  
of b ird s  f r o m  the B a s in  p r io r  to  th e  m id -w in te r  census cannot be  
a t tr ib u te d  to  a  la c k  of c o rn  (a b s o lu te  a m o u n t), a lth o u g h  snow o r  ic e  
co u ld  h a ve  l im ite d  its  a v a i la b i l i t y .
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G r a in  P r e fe r e n c e s
A  h ig h e r  p r o p o r t io n  o f fe m a le s  w e r e  found  fe e d in g  in  w h e a t  
th a n  in  c o rn  s tu b b le  a f te r  15 J a n u a ry  in  b o th  1 9 7 9  and 1980  (T a b le  4 ) .  
T h is  d i f fe r e n c e  w a s  m o s t p ro n o u n c e d  d u r in g  1 9 7 9 - - a  y e a r  th a t w a s  
c o ld e r  and had  m o r e  snow  c o v e r  th a n  1980  (F ig ,  1 0 ), D u r in g  b o th  
y e a r s ,  s m a l l  g r a in  w a s  e s s e n t ia l ly  u n u t i l iz e d  f r o m  N o v e m b e r  th ro u g h  
m id -J a n u a r y .
T a b le  4 . Sex c o m p o s it io n  o f m a l la r d s  fe e d in g  in  c o rn  and w h e a t  
s tu b b le  a f te r  15 J a n u a ry , 19 79  and 1 9 8 0 .
N  b ird s  s a m p le d % m a le s
C o rn W h e a t C o rn W h e a t X 2
1 9 7 8 -7 9 5 3 2 9 412 5 3 .1 4 2 .0 1 8 .6  P  <  .0001
1 9 7 9 -8 0 2221 776 5 7 .5 5 1 .9 6 .8 9  P  <  .05
In  139  t r a p  ch ec k s  b e tw e e n  18 and 26 J a n u a ry  1 9 8 0 , 1603  
d ra k e  and  638  hen  m a l la r d s  w e r e  c a p tu re d . T h e  c a p tu re  s e x  r a t io  of 
2 .5 1 :1  w a s  s ig n if ic a n t ly  h ig h e r  th an  th e  1 .3 8 :1  (58%  m a le )  e s t im a te d  
f o r  m a l la r d s  on L o w e r  H a m p to n  L a k e  d u r in g  th e  s a m e  t im e  p e r io d  
(P  <  0 .0 0 1 ) ,  i l lu s t r a t in g  th e  t r a p -p r o n e  te n d e n c ie s  o f d ra k e s  (P e t r id e s  
1 9 4 4 , B e l l r o s e  e t a l .  1 9 6 1 ).
A  3 -w a y  A n a ly s is  o f V a r ia n c e  r e v e a le d  th a t d ra k e  and hen  
c a p tu re  r a te s  w e r e  not in flu e n c e d  b y  th e  b a it  used  (F  = 0 .6 0 6 , 1 and  
125 d f, P  >  0 .4 ) ,  A l l  in te r a c t io n  te r m s  in  w h ic h  b a it  w as  a  fa c to r  w e r e
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F ig .  1 0 . Snow c o v e r  and m e d ia n  d a ily  te m p e r a tu re  a t L in d ,
W a s h in g to n , N o v e m b e r -F e b r u a r y ,  1 9 7 8 -7 9  and 1 9 7 9 -8 0 .
45
a ls o  n o n -s ig n if ic a n t  (m in im u m  P  = 0 .4 4 1 ) , in d ic a tin g  c o rn  and w h e a t  
w e r e  e q u a lly  e f fe c t iv e  fo r  c a p tu r in g  d ra k e  and hen m a lla rd s  both  a t 
n ig h t and d u r in g  th e  d a y  a t a l l  t ra p p in g  lo c a tio n s . T h e  sex  c o m p o s itio n  
o f tra p p e d  b ird s  v a r ie d  b e tw e e n  m o rn in g  and even in g  t ra p  checks; 
b ird s  c a p tu re d  d u rin g  th e  day  co n ta in e d  s ig n if ic a n t ly  h ig h e r  p ro p o r ­
tio n s  o f m a le s  th an  th o se  tra p p e d  a t n igh t (7 8 .1  vs  68 .8% , P  <  0 .0 0 1 ).  
L o w  and h ig h  d a ily  te m p e ra tu re s  w e r e  e n te re d  in to  the a n a ly s is  as  
c o v a r ia te s , b u t d id  not in flu e n c e  c a p tu re  ra te s  o r  the  se x  c o m p o s itio n  
of tra p p e d  b ird s  (m in im u m  P  = 0 .2 0 ) .
F e e d in g  F l ig h t  C h ro n o lo g y
T h e  n u m b e r o f m a lla r d s  d e p a rtin g  f r o m  and r e tu rn in g  to  
L o w e r  H a m p to n  L a k e  on fe e d in g  f l ig h ts  w e re  re c o rd e d  on 9 s e p a ra te  
days b e tw e e n  27 N o v e m b e r 1979  and 4 F e b r u a r y  19 80 . R e s u lts  w e re  
p lo tte d  to  i l lu s t r a t e  how n u m b e rs  on th e  c o n c e n tra tio n  a r e a  v a r ie d  
d u rin g  th e  d a y  (F ig , 1 1 ).
D iu r n a l  f ie ld  -fe e d in g  a c t iv i ty  w as  la r g e ly  r e s t r ic te d  to  2 
t im e  p e rio d s : (1) e a r ly  m o rn in g , and (2 ) m id -  to  la te  a fte rn o o n . 
M o rn in g  fe e d in g  f l ig h ts  g e n e r a l ly  d e p a rte d  b e fo re  f i r s t  lig h t; m ost 
b ird s  re tu rn e d  b e fo re  s u n r is e , and v i r t u a l ly  a l l  b y  1 h o u r a f te r  
s u n r is e . T im in g  o f th e  second  fe e d in g  f l ig h t  w as  m o re  v a r ia b le ,  
b e g in n in g  as e a r ly  as 3 h o u rs  a f te r  s u n r is e  o r  as la te  as s u n se t.
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SUNRISE 1 3 4 6 6 7 8 9 SUNSET2
TIME (HOURS AFTER SUNRISE)
F i g .  1 1 . D iu r n a l  v a r ia t io n s  in  m a l la r d  p o p u la tio n s  on L o w e r  H a m p to n  
L a k e ,  C o lu m b ia  N W R , 27 N o v e m b e r  19 79  - 4  F e b r u a r y  1 9 8 0 ,
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v a r ia b le .  F ie ld - fe e d in g  a c t iv i ty  s o m e tim e s  o c c u rre d  th e  e n t ire  
a fte rn o o n , and a t o th e r  t im e s  w as  r e s t r ic te d  to  th e  la s t  ho ur of 
d a y lig h t. A lth o u g h  th is  s tu d y  d id  not d e lin e a te  w h ic h  m e te o ro lo g ic a l  
v a r ia b le s  in flu e n c e d  the  t im in g  and d u ra tio n  o f f ie ld - fe e d in g  a c t iv ity ,  
th e  te n d e n c y  fo r  in c re a s e d  f ie ld - fe e d in g  a c t iv i ty  d u rin g  in c le m e n t  
w e a th e r  o b s e rv e d  by  B e llr o s e  (1 9 4 4 ), H ochbaum  (1 9 5 5 ), and  
B o s s e n m a ie r  and M a r s h a l l  (1 9 5 8 ) s e e m e d  to  a p p ly . M e d ia n  d a ily  
te m p e ra tu re s  a v e ra g e d  - 4 . 0 ®C on those days w hen m id -d a y  f ie ld -  
fe e d in g  a c t iv i ty  o c c u rre d  (n = 6) and +1.B**C w hen a fte rn o o n  fe e d in g  
f l ig h ts  w e r e  d e la y e d  to  n e a r  su n se t (n = 3 ).
M a l la r d  p o p u la tio n s  on L o w e r  H am p to n  L a k e  w e re  h ig h e s t and  
m o s t s ta b le  b e tw e e n  1 and 4 h o u rs  a f te r  s u n r is e , a v e ra g in g  about 90%  
of th e  e s t im a te d  m a x im u m  p o p u la tio n  (F ig .  1 2 ). B eyond th is  t im e ,  
a v e ra g e  h o u r ly  p o p u la tio n  le v e ls  d e c lin e d  s te a d ily  and th e ir  a s s o c ia te d  
v a r ia n c e s  in c re a s e d . T h e r e fo r e ,  on a v e ra g e , th e  la t e r  in  the day  
(beyond 4 h o u rs  a f te r  s u n r is e )  th a t p o p u la tio n  s iz e  is  e s tim a te d , th e  
lo w e r  and m o r e  v a r ia b le  ( i .  e , , le s s  p re c is e )  th a t e s tim a te  w i l l  be .
F ee d in g  F lo c k  S ize  and Sex C o m p o s itio n
O v e r a l l ,  d e p a r t in g  f lo c k  s iz e s  a v e ra g e d  1 8 .9  ±  0 .6  (n = 1385  
f lo c k s )  and th e  m e a n  f lo c k  s iz e  o f r e tu rn in g  b ird s  w a s  2 3 .3  ± 1 .7  
(n = 513 f lo c k s ; x  ± S E ). C o m b in e d  a v e ra g e  f lo c k  s iz e  w as s ig n if ic a n t ly  











TIME (HOURS AFTER SUNRISE)
F ig .  1 2 .  H o u r ly  m a l l a r d  p o p u la t io n s  (x  ±  2 S E )  on L o w e r  H a m p to n  
L a k e ,  C o lu m b ia  N W R , 1 9 7 9 - 8 0 .
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1896  d f, P  <  0 ,0 0 0 1 ;  T a b le  5 ) , T h is  w a s  p ro b a b ly  m o r e  a  r e s u l t  o f 
d if fe r e n c e s  b e tw e e n  o b s e rv e rs  r a t h e r  th a n  an  a c tu a l v a r ia t io n  in  
f lo c k in g  te n d e n c ie s , s in c e  d e te r m in in g  w h ic h  b ir d s  c o n s titu te  a f lo c k  
is  a  s u b je c t iv e  m e a s u re m e n t .
A p p r o x im a te ly  75%  o f a l l  lo n e  b ird s  en ro u te  to  o r  f r o m  u p lan d  
fe e d in g  s ite s  w e r e  d r a k e s . F o r  2 - b i r d  f lo c k s , th is  p ro p o r t io n  d ro p p e d  
to  s l ig h t ly  o v e r  50% ; ab o u t 90% of th e s e  f lo c k s  c o n s is te d  o f 1 d ra k e  and  
1 hen in d ic a t in g  p a ir e d  b ird s  d o m in a te d  th is  c la s s . D ra k e s  c o m p r is e d  
about 60%  o f 3 - b i r d  f lo c k s  and  th e  m o s t c o m m o n  g ro u p in g  w as  2 d ra k e s  
and  1 h e n  (6 5% ). T h e  s e x  c o m p o s itio n  o f a l l  la r g e r  f lo c k  s iz e s  w e r e  
s im i la r  and a p p r o x im a te ly  e q u a l to  th e  o v e r a l l  s e x  r a t io .  T h e s e  
r e s u lts  w e r e  v e r y  c o n s is te n t b e tw e e n  y e a r s .
T h e  p ro p o r t io n  o f f lo c k  le a d e rs  w h ic h  w e r e  d ra k e s  w as  c o m ­
p a re d  w ith  th e  e x p e c te d  n u m b e r  b a s e d  on th e  o b s e rv e d  s e x  c o m p o s itio n  
f o r  th a t f lo c k  s iz e  (T a b le  6 ) . O n ly  1 o f 10 c o m p a r is o n s  w as  s ig n if ic a n t  
(P  <  0 .0 5 );  th e r e fo r e ,  i t  a p p e a re d  th a t n e ith e r  s e x  had a g r e a te r  
te n d e n c y  to  le a d .
P h y s ic a l  C o n d itio n  In d ic e s  
C o n d it io n  in d e x  v a lu e s  o f 180 h u n te r - k i l le d  m a lla r d s  w e r e  
c a lc u la te d  d u r in g  th e  1 9 7 8 -7 9  and  1 9 7 9 -8 0  h u n tin g  s e a s o n s . V a lu e s  
f r o m  142 l iv e  b ir d s  w e r e  o b ta in e d  on 21 J a n u a ry  1 9 7 9  and 24 J a n u a ry  
19 80  d u r in g  p o s t-s e a s o n  b a n d in g  o p e ra tio n s  a t C o lu m b ia  N W R .
Table 5, Flock size and sex composition of mallard feeding flights in the Columbia Basin,
Flock size
Flock size frequency distribution Sex composition









1 64 4.2 23 6.2 233 75.5 315 73.0
2 98 6.4 71 19.0 612 53.3 1290 52.2
3 83 5.4 36 9.7 318 59.4 792 58.5
4-10 432 28.2 145 38.9 749 59.4 547 53.2
11-25 482 31.5 77 20.6 1385 56.5 620 51.3
26-50 259 16.9 19 5.1 728 60.3 339 53.1
51-100 80 5.2 2 0.5 29 22
>100 33 2.1 0 0.0 28 0
cn
O
Table 6. Sex composition of flock leaders.
Flock size















% males in 
population
1 75.5 73.0
2 21 81.0 53.3 3.01 19 42.1 52.2 0.37
3 17 47.1 59.4 0.44 10 60.0 • 58.5 0.01
4-10 135 61.5 59.4 0.10 60 33.3 53.2 4.45"
11-25 152 57.2 56.5 0.01 31 38.7 51.3 0.96
26-50 66 48.5 60.3 1.53 10 50.0 53.1 0.02




W in g  len g th s  w e r e  s h o r te s t a t  th e  b e g in n in g  of the hunting  
seaso n  and in c re a s e d  g ra d u a lly *  le v e ll in g  o ff in  N o v e m b e r fo r  hens  
and D e c e m b e r  fo r  d ra k e s  (F ig .  1 3 ). B od y w e ig h ts  g e n e ra lly  re m a in e d  
s ta b le  o r  in c re a s e d  s lig h t ly  f r o m  m id -O c to b e r  th ro u g h  D e c e m b e r, 
H o w e v e r*  d u rin g  bo th  w in te rs *  m id -J a n u a r y  body w e ig h ts  a v e ra g e d  
1 0 -1 4 %  lo w e r  th an  c o m p a ra b le  D e c e m b e r  v a lu e s . D u r in g  1 9 7 8 -7 9 *  
a v e ra g e  co n d itio n  o f m a le s  and fe m a le s  in c re a s e d  p r io r  to  D e c e m b e r  
b e fo re  d e c lin in g  s h a rp ly  in  J a n u a ry ; d u rin g  1 9 7 9 -8 0 , co n d itio n  
d e c lin e d  g ra d u a lly  th ro u g h o u t th e  s a m p lin g  p e r io d . A v e ra g e  197 9 -8 0  
bo dy w e ig h ts * w in g  len g th s* and co n d itio n  in d ic e s  of h u n te r -k i l le d  
d ra k e s  and hens w e r e  c o n s is te n tly  lo w e r  than c o m p a ra b le  1 9 7 8 -7 9  
v a lu e s *  w ith  th e  ex c e p tio n  o f co n d itio n  on open ing  w eekend* p o s s ib ly  
th e  r e s u lt  o f a  h ig h e r  im m a tu re :a d u lt  r a t io .  W in g  len g th s  of l iv e  b ird s  
w e r e  s im i la r  to  J a n u a ry  e s tim a te s  f r o m  h u n te r -k i l le d  b ird s ;  h o w ever*  
bo d y  w e ig h t and co n d itio n  v a lu e s  w e r e  in f la te d  due to  re c e n t b a it  c o n - ' 
s u m p tio n .
S p a tia l and T e m p o ra l V a r ia t io n s  in  Sex R a tio s  
S ig n if ic a n t d if fe re n c e s  o c c u rre d  in  th e  se x  ra t io s  o f m a lla rd s  
lo c a te d  in  d if fe re n t  h a b ita ts  and engaged in  d if fe r e n t  a c t iv i t ie s . C o m ­
p a r in g  88 p a ire d  o b s e rv a tio n s  o f m a lla rd s  on open w a te r  vs  lo a fin g  
s ite s  (ic e * s a n d b a rs , e tc . ) r e v e a le d  th a t r e la t iv e ly  m o re  d ra k e s  w e re  
found in  o p e n -w a te r  h a b ita ts  (T  = 7 .6 6 * P  <  0 .0 0 1 - -W ilc o x o n  S igned
o 197# -  79
■ 1 9 7 9 -#0
A t
A ?
1 9 7 8 -7 9




















O 2 6 0zIW 2 7 0
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«5 - 2 4
J o n Il -  I
Shot B aited
F ig .  13 . S e a s o n a l tre n d s  in  body w e ig h t, w in g  le n g th , and  
c o n d itio n  in d e x  o f shot and b a it - t ra p p e d  m a lla rd s  
in  th e  C o lu m b ia  B a s in , 1 9 7 8 -7 9  and 1 9 7 9 -8 0 .  
S a m p le  s iz e s  a r e  a d ja c e n t to  body w e ig h t v a lu e s .
54
R an ks  T e s t ) .  S im i la r  r e s u lts  w e r e  ob ta ined  f r o m  a e r ia l  photographs  
(X 2  = 2 3 ,7 8 , 1 d f. P  <  0 .0 0 1 ) . O v e r a l l .  67 .9%  (5536 of 8 1 54 ) o f the  
m a lla r d s  in  o p e n -w a te r  h a b ita ts  on C o lu m b ia  N W R  d u rin g  1 9 7 8 -7 9  
w e r e  d ra k e s  c o m p a re d  to  58 .8%  (1802 of 3068 ) a t lo a fin g  s ite s ; c o m ­
p a ra b le  1 9 7 9 -8 0  v a lu e s  w e r e  63 .2%  (8736 of 1 3 ,8 1 6 ) and 53 .9%  (4960 of 
9204; T a b le  7 ).
A e r ia l  photos re v e a le d  th a t m o s t m a lla rd s  u t il iz in g  lo a fin g  
s ite s  w e r e  p a ire d . In d iv id u a l p a irs  w e re  e a s ily  id e n tif ie d  b y  s m a ll  but 
d is tin c t s p a c in g  th e y  m a in ta in e d  f r o m  o th e r  b ird s . T h e  sequence of 
d ra k e  and hen m a lla rd s  lo a fin g  on ic e  a t th e  w a te r 's  edge w as a ls o  
r e c o rd e d . O n ly  22 o f 371 hen m a lla rd s  (5 .9% ) w e re  bounded b y  2 hens, 
a g a in  in d ic a tin g  th e  h igh  d e g re e  of p a ir in g  in  lo a fin g  b ird s .
M a lla r d s  a c t iv e ly  s w im m in g  co n ta in ed  g r e a te r  p ro p o rtio n s  o f 
m a le s  (6 6 ,4 % ) th an  lo a fin g  o r  s le e p in g  b ird s  in  o p e n -w a te r  h a b ita ts  
(62 .9% ; T  -  2 .4 2 , P  <  0 .0 1 ; T a b le  8 ). " C o u rts h ip "  g ro u p s , c o n s is tin g  
of up to  15 d ra k e s  a c t iv e ly  p u rs u in g  1 o r  2 u n p a ire d  hens a p p e a re d  
p r im a r i l y  re s p o n s ib le  fo r  th is  d e v ia tio n .
E s t im a te s  o f p o p u la tio n  s e x  c o m p o s itio n  ra n g e d  f r o m  5 7 .7  to  
58 .9%  d ra k e s  in  1 9 7 8 -7 9  and 5 4 .4  to  56 .7%  in  1 9 7 9 -8 0  (T a b le  8 ). C o m ­
p a ris o n s  b e tw e e n  y e a rs  o f th e  se x  r a t io  e s tim a te s  fo r  each  f lo c k  s iz e  
c a te g o ry  (show n in  T a b le  5 ) re v e a le d  th a t s e x  r a t io s  w e r e  s ig n if ic a n tly  
m o re  b a la n c e d  d u r in g  th e  m ild e r  1 9 7 9 -8 0  w in te r  (T  = 3 .5 0 , P  <  O .O O l). 
Sex r a t io  e s t im a te s  o f m a lla r d s  engaged in  d if fe re n t  a c t iv it ie s  b y
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Table 7. Sex com position of m a lla rd s  on loafing s ite  and open-w ater habitats. Colum bia NW R. 
1978-79  and 1979-80 .
Location
Method (hab itat) A c tiv ity T im e  period
N b irds sampled % m ales
78 -79 79 -80 78 -79 79-80
A e r ia l photos Loafing s ites 20 Jan-10 Feb 684 264 51.6 52.3
Open w a te r 20 Jan -10  Feb 569 211 65.2 58.8
Ground counts Loafing s ites Loaf o r sleep 15-30  Nov 103 ... 56,3 ...
1-15  Dec 195 ... 59.5 ...
16-31 Dec 491 ... 60.5 ...
1-15  Jan 1481 1550 58.0 56.3
16-31 Jan 798 2536 59.2 52.0
1-15  Feb ... 5118 ... 54.1
T o ta l (loafing s ites ) 3068 9204 58.8 53.9
Open w a te r Loaf or sleep 15-30  Nov 232 735 62.9 61.0
1-15  Dec ... 363 ... 54.0
16-31 Dec 175 832 63.4 60.6
1-15  Jan 619 704 66.9 60.2
16-31 Jan 923 1575 64.4 58.3
1-15  Feb ... 1905 ... 67.2
Subtotal 1949 6114 64.4 62,4
A ctive  sw im 15-30  Nov 1194 277 65.3 65.7
1-15  Dec 224 1222 72.3 61.2
16-31 Dec 219 549 65.8 64.7
1 -15  Jan 4011 1777 70.6 62.5
16-31 Jan 557 2310 63.4 66.8
1 -15  Feb * * * 1905 •• • 67.2
Subtotal 6205 7702 68.8 64.5
T o ta l (open w a te r) 8154 13.816 67.9 63.2
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15 “d a y  in te r v a ls  (T a b le  7 ) a ls o  v a r ie d  s ig n if ic a n t ly  b e tw e e n  y e a rs  
(T  = 2 .3 5 ,  P  <  0 .0 5 ) .  A e r ia l  p h o to g ra p h s  a ls o  in d ic a te d  a g r e a te r  
p e rc e n ta g e  o f d ra k e s  in  th e  197 9 w in te r in g  p o p u la tio n ; h o w e v e r , th is  
d if fe r e n c e  w a s  n o t s ig n if ic a n t  (X ^  = 1 .3 2 , 1 d f, P  >  0 .0 5 ) .
T a b le  8 . M a l la r d  p o p u la tio n  s e x  c o m p o s itio n  e s t im a te s , C o lu m b ia  
N W R , 1 J a n u a r y - 15 F e b r u a r y ,  19 7 9  and 1 9 8 0 .
N  o f m a l la r d s  s a m p le d % m a le
M e th o d 19 7 9 1980 1979 1980
A e r i a l  photos 12 7 4 606 5 7 .7 5 4 .5
W e ig h te d  g ro u n d  counts ... 1 8 ,4 8 6 ... 5 6 .7
W e ig h te d  fe e d in g  f l ig h ts 4082 3925 5 8 .9 5 4 .4
T h e  s e x  c o m p o s itio n  o f C o lu m b ia  B a s in  m a l la r d s  b e tw e e n  
3 J a n u a ry  and 8 F e b r u a r y  1980  as d e te rm in e d  f r o m  w e ig h te d  g ro u n d  
c o u n ts , a v e ra g e d  5 6 .7  ±  1 .1 9%  m a le s  (x ± SE; T a b le  9 ). E s t im a te s  
f o r  the  5 c o n c e n tra t io n  a re a s  s a m p le d  w e r e  s im i la r ,  ra n g in g  f r o m  
5 5 .3  to  5 9 .6 %  m a le s . N o  tre n d  in  se x  r a t io s  o v e r  t im e  d u r in g  th e  
p e r io d  s a m p le d  w as  a p p a re n t.
P o p u la t io n  D y n a m ic s  
C o r r e la t io n  c o e ff ic ie n ts  b e tw e e n  e n v iro n m e n ta l and b io lo g ic a l  
v a r ia b le s  and  th e  n u m b e r  (G A F )  and p ro p o r t io n  (R G A F )  o f th e  P a c i f ic  
F ly w a y  m a l la r d  p o p u la tio n  cens used  d u r in g  m id - w in t e r  a e r ia l  s u rv e y s
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T a b le  9. M a l la r d  sex c o m p o s itio n  on 5 C o lu m b ia  B a s in  c o n c e n tra tio n  
a r e a s ,  1 J a n u a r y -15 F e b r u a r y  19 80 . E s t im a te s  w e re  
d e r iv e d  f r o m  w e ig h te d  g rou nd  counts .
L o c a tio n
N  s e p a ra te  
e s tim a te s
N  m a lla rd s  
s a m p led
% m a le s
X (SE )
U p p e r H a m p to n  L a k e 6 2687 5 5 .3 (1 .9 2 )
L o w e r  H am p to n  L a k e 24 8760 5 8 .6 (1 .0 1 )
R o y a l L a k e 7 3080 5 5 .8 (2 .3 8 )
L in d a  L a k e s 4 2782 59 .6 (2 .6 0 )
W h ite  B lu ffs  (C o lu m b ia  R iv e r ) 1 962 5 8 .9 ...
T o ta l 42 18 ,27 1 56 .7 (1 .1 9 )
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in  G r a n t ,  A d a m s , and F r a n k l in  co u n ties  w e r e  co m p u ted , and a r e  
p re s e n te d  In  th is  s e c tio n . A  c o m p le te  c o r r e la t io n  m a t r ix  is  p re s e n te d  
In  A p p e n d ix  B . A l l  r e s u lts  p re s e n te d  a r e  based  on the  1 9 5 2 -1 9 8 0  t im e  
f r a m e  u n less  o th e rw is e  s p e c if ie d .
C e r e a l  G ra in s
A m o u n t (h a) o f f ie ld  c o rn  w as p o s it iv e ly  c o r r e la te d  w ith  G A F  
( r  = + 0 .4 9 3 ,  P  = 0 .0 6 )  and R G A F  ( r  = + 0 .5 2 3 , P  = 0 .0 4 )  b e tw een  1952  
and 1 9 6 4 , w h en  m id -w in te r  m a l la r d  p o p u la tio n s  in  the  B a s in  w e re  
in c re a s in g . T h is  re la t io n s h ip  re m a in e d  s tro n g , bu t re v e rs e d  s ig n  
( r  = - 0 .4 4 5  w ith  G A F , P  = 0 .0 4 ; r  = - 0 .7 3 7  w ith  R G A F , P  <  0 .0 0 1 )  
a f te r  1 9 6 5 . O v e r a l l  (1 9 5 2 -1 9 8 0 ) , am o u n t o f f ie ld  c o rn  w as not 
c o r r e la te d  w ith  e ith e r  G A F  o r  R G A F  (P  v a lu e s  >  0 .4 ) .  T h e  p eak  m id ­
w in te r  m a l la r d  p o p u la tio n  in  G ra n t , A d a m s , and F r a n k l in  co un ties  of 
6 2 2 ,3 0 0  o c c u rre d  in  J a n u a ry  1964  w hen f ie ld  c o rn  to ta lle d  o n ly  4767 ha , 
w e l l  b e lo w  the 2 9 -y e a r  a v e ra g e  o f 6984  h a . S im i la r ly ,  in  J a n u a ry  
1 9 8 0 , G A F  to ta lle d  o n ly  1 5 1 ,5 0 0 , 3 t im e s  le s s  th an  th e  p e ak  1964  
v a lu e , a lth o u g h  th e  19 7 9  c o rn  c ro p  (2 1 ,8 9 6  ha ) w as  th e  la r g e s t  e v e r  
g ro w n  in  th e  B a s in . T h e s e  d a ta  in d ic a te  th a t to ta l f ie ld  c o rn  c ro p  is  
not re s p o n s ib le  fo r  p a s t f lu c tu a tio n s  in  G A F  and R G A F ,
S m a ll g ra in  fo llo w e d  a  s im i la r  tre n d , b e in g  p o s it iv e ly  
c o r r e la te d  w ith  G A F  and R G A F  p r io r  to  1964 and n e g a tiv e ly  c o r r e la te d  
a f te r w a r d s .  O a ts  w e r e  th e  lo n e  e x c e p tio n , re m a in in g  p o s it iv e ly
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c o r r e la te d  o v e r  th e  e n t ir e  t im e  ra n g e  ( r  = + 0 .4 6 9  w ith  G A F , P  <  0 .0 1 ;  
r  = + 0 .3 0 4  w ith  R G A F , P  = 0 .0 7 ) .  B e c a u s e  oa ts  w e r e  not u t i l iz e d  as a  
food  s o u rc e  (s e e  F o o d  H a b its ) ,  th is  r e la t io n s h ip  w as  c o n s id e re d  
s p u r io u s .
W  e a th e r
A l l  N o v e m b e r  te m p e r a tu r e  v a r ia b le s  (x m o n th ly  h ig h , lo w , and  
m e d ia n  te m p e r a tu r e )  e x h ib ite d  s ig n if ic a n t  p o s it iv e  c o r r e la t io n s  w ith  
G A F  and R G A F . T h e  s tro n g e s t c o r r e la t io n  w a s  w ith  x  lo w  N o v e m b e r  
te m p e r a tu r e  ( r  = + 0 .5 3 3  w ith  G A F , P  = 0 .0 0 2  and r  = + 0 .5 7 3  w ith  
R G A F , P  = 0 .0 0 1 ) .  T o ta l  p r e c ip ita t io n  d u r in g  N o v e m b e r  w as  a ls o  
p o s it iv e ly  c o r r e la te d  w ith  G A F  and R G A F . T h is  is  p ro b a b ly  th e  r e s u lt  
o f a s tro n g  p o s it iv e  in te r  c o r r e la t io n  b e tw e e n  N o v e m b e r  p r e c ip ita t io n  
and te m p e r a tu r e  v a r ia b le s ,  i .  e . , m o r e  p r e c ip ita t io n  (u s u a lly  r a in  in  
N o v e m b e r )  r e s u lts  in  in c re a s e d  c lo u d  c o v e r , w h ic h  m o d e ra te s  n ig h t ­
t im e  lo w  te m p e r a tu r e s .  N o v e m b e r  p r e c ip ita t io n 's  p a r t ia l  c o r r e la t io n  
w ith  R G A F , a f t e r  c o n tr o l l in g  f o r  an y  e ffe c t due to  x  lo w  N o v e m b e r  
te m p e r a tu r e ,  d e c re a s e d  to  r  = + 0 .0 7 8  f r o m  + 0 .3 4 9 .
O v e r a l l  (1 9 5 2 -1 9 8 0 ) ,  N o v e m b e r  te m p e r a tu r e  and p r e c ip ita t io n  
v a r ia b le s  w e r e  m o r e  s t ro n g ly  c o r r e la te d  w ith  G A F  and  R G A F  th an  th e  
w e a th e r  v a r ia b le s  f o r  D e c e m b e r  o r  th e  f i r s t  2 w e e k s  in  J a n u a ry , e v en  
th o u g h  m id - w in t e r  p o p u la tio n  s u rv e y s  ( f r o m  w h ic h  G A F  and R G A F  a r e  
c a lc u la te d )  a r e  f lo w n  in  e a r ly  J a n u a ry . B e c a u s e  c o rre s p o n d in g
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N o v e m b e r  and J a n u a ry  te m p e r a tu re  v a r ia b le s  w e r e  s tro n g ly  p o s it iv e ly  
in te r  c o r r e la te d  (0 .0 0 8  <  P  v a lu e s  <  0 .0 5 7 ) , p a r t ia l  c o r r e la t io n  c o ­
e f f ic ie n ts  o f N o v e m b e r  te m p e r a tu re  v a r ia b le s  w ith  G A F  and R G A F  
w e r e  e x a m in e d  a f te r  c o n tro llin g  fo r  the  in flu e n c e  o f a l l  s in g le  and  
p a ire d  c o m b in a tio n s  o f J a n u a ry  te m p e r a tu re  v a r ia b le s .  In  a l l  
in s ta n c e s , N o v e m b e r  te m p e ra tu re s  s t i l l  accounted  fo r  a s ig n if ic a n t  
am o u n t o f th e  v a r ia b i l i t y  in  G A F  and R G A F  (P  < 0 .0 5 ).
T o ta l  p r e c ip ita t io n  d u rin g  th e  f i r s t  2 w e e ks  in  J a n u a ry  show ed  
a  s tro n g e r  n e g a tiv e  c o r r e la t io n  w ith  G A F  ( r  = - 0 .3 5 8 ,  P  = 0 .0 3 ) than  
R G A F  (r  = - 0 .2 9 7 ,  P  = 0 .0 7 ) .  S im i la r ly ,  bo th  th e  n u m b e r of days w ith  
> 2 .5  c m  of snow  c o v e r , and th e  to ta l " d a y -c m "  o f snow in  e a r ly  
J a n u a ry  w e r e  n e g a t iv e ly  c o r r e la te d  w ith  m id -w in te r  m a l la r d  p a ra m e te r s ,  
th e  r e la t io n s h ip s  b e in g  s tro n g e r  w ith  G A F  (0 .12  <  P  v a lu e s  <  0 .1 8 )  than  
R G A F  (0 .3 1  <  P  v a lu e s  <  0 .4 4 ) , a lth o u g h  n e ith e r  w e r e  s ig n if ic a n t. T h e s e  
2 snow  c o v e r  p a ra m e te r s  w e r e  h ig h ly  in te r  c o r r e la te d  ( r  = + 0 .8 2 5 ,
P  <  0 .0 0 1 ) ,  bu t w e r e  no t r e la te d  to  e a r ly  J a n u a ry  p r e c ip ita t io n  (P  v a lu e s  
>  0 .2 1 ) ,  p re s u m a b ly  b e c a u s e  J a n u a ry 's  snow c o v e r co u ld  b e  " c a r r ie d  
o v e r "  f r o m  D e c e m b e r . T h e  r e la t io n s h ip  b e tw ee n  e a r ly  J a n u a ry  
p r e c ip ita t io n  and G A F  and R G A F  w as b a s ic a lly  u n a ffe c te d  a f te r  
c o n tro ll in g  fo r  N o v e m b e r  and J a n u a ry  te m p e r a tu re  v a r ia b le s .  H o w e v e r , 
th e  s tre n g th  o f th e  re la t io n s h ip  b e tw e e n  snow c o v e r  and w in te r in g  
m a lla r d  n u m b e rs  w a s  s u b s ta n t ia lly  re d u c e d  a f te r  c o n tro llin g  fo r  
N o v e m b e r  w e a th e r  v a r ia b le s .
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O th e r  R e g io n a l M id - W in t e r  P o p u la t io n s
G A F  and  R G A F  w e r e  h ig h ly  c o r r e la te d  ( r  = + 0 .9 3 0 ,  P  <  O .O O l), 
in d ic a t in g  th a t  in c re a s e s  in  m id - w in t e r  m a l la r d  n u m b e rs  in  G ra n t ,  
A d a m s , and  F r a n k l in  c o u n tie s  c o rre s p o n d e d  w ith  in c re a s e s  in  th e  
p ro p o r t io n  o f th e  4 -s ta te  m id - w in t e r  p o p u la tio n  th a t w a s  p re s e n t . G A F  
and m id - w in t e r  p o p u la tio n s  in  th e  r e m a in d e r  o f th e  C o lu m b ia  B a s in ,  
Id a h o , and C a l i f o r n ia  w e r e  a l l  p o s it iv e ly  c o r r e la te d  w ith  th e  4 -s ta te  
to ta l  (0 .0 0 1  <  P  v a lu e s  <  0 .0 0 5 );  h o w e v e r , th e  p ro p o r tio n s  of th e  to ta l  
m id - w in t e r  p o p u la tio n  p re s e n t  in  e a c h  a r e a  w e r e  not s ig n if ic a n t ly  
c o r r e la te d  w ith  th e  4 -s ta te  to ta l  (0 .0 7  <  P  v a lu e s  <  0 .3 0 ) .  M id -w in te r  
p o p u la tio n s  th ro u g h o u t th e  P a c i f ic  F ly w a y  a p p a re n t ly  in c re a s e d  as th e  
s iz e  o f th e  to ta l  m a l la r d  w in te r in g  p o p u la tio n  (and p ro b a b ly  th e  s iz e  o f 
th e  f a l l  f l ig h t )  in c re a s e d . H o w e v e r , th e  r e la t iv e  d is tr ib u t io n  of th e s e  
b ir d s  w ith in  th e  F ly w a y  w a s  a p p a re n t ly  in d e p e n d e n t o f p o p u la tio n  s iz e .  
T h e  p ro p o r t io n  o f th e  4 -s ta te  m id - w in t e r  p o p u la tio n  in  
C a l i f o r n ia  w as  h ig h ly  n e g a t iv e ly  c o r r e la te d  w ith  G A F  ( r  = - 0 .6 2 0 ,
P  <  0 .0 0 1 ) ,  and  R G A F  ( r  = - 0 .6 5 9 ,  P  <  0 .0 0 1 ) ,  im p lic a t in g  d i f fe r e n t ia l  
m ig r a t io n  r a te s  b e tw e e n  y e a r s  as a  p o s s ib le  fa c to r  in flu e n c in g  B a s in  
m id - w in t e r  m a l la r d  p o p u la tio n s . R G A F  w a s  a ls o  n e g a t iv e ly  c o r r e la te d  
w ith  th e  p ro p o r t io n s  o f th e  to ta l  m id - w in t e r  p o p u la tio n  in  th o se  p o rt io n s  
o f W a s h in g to n  and O re g o n  o u ts id e  th e  C o lu m b ia  B a s in  (P  v a lu e s  >  0 .1 0 ) ,  
an d  w a s  p o s it iv e ly  r e la t e d  to  th e  p ro p o r t io n  in  Id a h o  (P  = 0 .0 7 6 )  
a lth o u g h  th e s e  r e la t io n s h ip s  w e r e  no t h ig h ly  s ig n if ic a n t .
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B re e d in g  G ro u n d  In d ic e s
T h e  4 -s ta te  m id -w in te r  m a l la r d  p o p u la tio n  w as p o s it iv e ly  
c o r r e la te d  w ith  th e  sum  o f th e  m a l la r d  b re e d in g  p a ir  in d ic e s  fro m  
A la s k a , Y u k o n -w e s t M a c k e n z ie , B r i t is h  C o lu m b ia , c e n tr a l M a c k e n z ie ,  
n o rth e a s t B r i t is h  C o lu m b ia -n o r th w e s t A lb e r ta ,  and southw est A lb e r ta  
th e  p re v io u s  s p rin g  ( r  = + 0 ,3 4 0 ,  P  = 0 .0 5 ) .  T h e s e  b re e d in g  ground  
a re a s  c o rre s p o n d  to  m in o r  r e fe re n c e  a re a s  11 , 12 , 13, 2 1 , 22 , and  
31 d e fin e d  b y  A n d e rs o n  and H en ny (1 9 7 2 ). T h e s e  a re a s  su pp ly  the  b u lk  
o f th e  b ird s  w h ic h  w in te r  in  the  F ly w a y  (G e ls  19 71 , M u n ro  and K im b a ll  
[in  p r e s s ] ) .  G A F  and R G A F , h o w e v e r , w e r e  n e g a tiv e ly  c o r re la te d  
w ith  th e  to ta l b re e d in g  p a ir  in d ex  ( r  = - 0 ,3 2 6 ,  P  = 0 .0 6 ; r  = - 0 ,4 6 1 ,
P  = 0 .0 1 ) .
Sou thw est A lb e r ta 's  b re e d in g  p a ir  in dex  w as s ig n if ic a n tly  
n e g a t iv e ly  c o r r e la te d  w ith  G A F  (r  = - 0 .4 3 2 ,  P  = 0 .0 2 ) and R G A F  ( r  = 
- 0 .6 0 9 ,  P  = O .O O l). A l l  c o r re la t io n s  fo r  G A F  and R G A F  vs  b re e d in g  
p a ir  in d ic e s  f r o m  a re a s  11 , 12 , 2 1 , and 22 w e re  n o n s ig n ific a n t (0 .1 0  
<  P  v a lu e s  <  0 .3 1 ) .  O f th e s e , o n ly  Y u k o n -w e s t M a c k e n z ie  (a re a  12) 
e x h ib ite d  a  p o s it iv e  re la t io n s h ip . B ec au s e  B r i t is h  C o lu m b ia  (a re a  13) 
w as  not in c lu d e d  in  s ta n d a rd  a e r ia l  s u rv e y s  (a m a l la r d  b re e d in g  p a ir  
in d e x  o f 2 5 0 ,0 0 0  w as a s s u m ed  each  y e a r ) ,  no d e te rm in a tio n  o f th e  
re la t io n s h ip s  b e tw e e n  its  b re e d in g  p a ir  in d e x  and G A F  o r  R G A F  w as  
p o s s ib le  (P o s p a h a la  et a l .  1 9 7 4 :6 8 ). T o ta l b ro o d  and m a lla r d  la t e -  
n e s tin g  in d ic e s  f r o m  a l l  r e fe re n c e  a re a s  excep t so u th w est A lb e r ta
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w e r e  a ls o  e x c lu d e d  f r o m  a n a ly s is  b e c a u s e  o f th e  l im ite d  d a ta  a v a ila b le  
(m a x im u m  s a m p le  s iz e  = 11 y e a r s ) .  S o u th w est A lb e r t a 's  to ta l  b ro o d  
and m a l la r d  la te -n e s t in g  in d ic e s  (a v a ila b le  f r o m  1 9 5 5 ) w e r e  a ls o  
n e g a t iv e ly  c o r r e la te d  w ith  G A F  (P  = 0 .0 2  and  0 .0 7 )  and R G A F  (P  = 0 .0 2  
and 0 .1 8 ) .
B re e d in g  p a i r  in d ic e s  f r o m  Y u k o n -w e s t M a c k e n z ie , c e n t r a l  
M a c k e n z ie ,  and  n o r th e a s t  B r i t is h  C o lu m b ia -n o r th w e s t  A lb e r t a  w e r e  
h ig h ly  in te r  c o r r e la te d  (m in im u m  r  = + 0 ,5 9 4 ,  P  <  O .O O l). A la s k a  and  
Y u k o n -w e s t  M a c k e n z ie  w e r e  s im i la r ly  a s s o c ia te d  ( r  = + 0 .3 3 1 ,  P  = 0 .0 5 ) .  
S o u th w e st A lb e r t a 's  b re e d in g  p o p u la tio n  w a s  p o s it iv e ly  c o r r e la te d  w ith  
in d ic e s  f r o m  c e n t r a l  M a c k e n z ie  and n o rth e a s t  B r i t is h  C o lu m b ia -  
n o rth w e s t A lb e r t a  (P  = 0 .0 9  and  0 .1 5 )  and n e g a t iv e ly  c o r r e la te d  w ith  
A la s k a  and Y u k o n -w e s t  M a c k e n z ie  (P  = 0 .0 7  and  0 .1 3 ) ,  a lth o u g h  th e s e  
v a lu e s  w e r e  no t h ig h ly  s ig n if ic a n t .  H o w e v e r , a f te r  c o n tro ll in g  fo r  th e  
in f lu e n c e  o f b re e d in g  p o p u la tio n  s iz e  in  c e n t r a l  M a c k e n z ie ,  th e  p a r t ia l  
c o r r e la t io n  c o e ff ic ie n ts  f o r  b re e d in g  p a ir  in d ic e s  f r o m  A la s k a  and th e  
Y u k o n  v s  th o s e  f r o m  s o u th w e s t A lb e r t a  b e c a m e  m u c h  s tro n g e r  ( r  = 
- 0 .3 6 6 ,  P  = 0 .0 4  w ith  A la s k a ;  r  = - 0 .5 5 9 ,  P  = 0 .0 0 2  w ith  Y u k o n ). T h e  
p o s it iv e  c o r r e la t io n  b e tw e e n  b re e d in g  p o p u la tio n  s iz e  in  s o u th w es t  
A lb e r t a  and c e n t r a l  M a c k e n z ie ,  w h ic h  in  tu rn  w as  p o s it iv e ly  a s s o c ia te d  
w ith  th e  b re e d in g  in d ic e s  f r o m  A la s k a  and th e  Y u k o n , m a s k e d  th e  
s tre n g th  o f th e  n e g a t iv e  r e la t io n s h ip  e x is t in g  b e tw e e n  b re e d in g  p o p u la ­
t io n s  in  s o u th w e s t A lb e r t a  and  th e s e  N o r th e r n  P a c i f ic  b re e d in g  a r e a s .
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P r e d ic t iv e  E q u a tio n s
T h e  fo llo w in g  r e g r e s s io n  eq uation s  w e r e  found to  e x p la in  th e  
g re a te s t  a m o u n t o f v a r ia t io n  in  G A F  and R G A F :
(E q u a tio n  1 ) G A F  = 7 1 7 ,9 3 4 .9  +  1 1 .2 (T O T A L )  -  9 7 9 ,7 (B R D P O P ll )
-  1 2 4 .9 (B R D P O P 3 1 ) -  2 3 5 5 .8 (B R O O D 3 1 )
-  1 1 ,7 3 9 .4 (L N E S T 3 1 )  -  7 5 9 3 .7 (J A N D A Y 4 )
S ta n d a rd  E r r o r  o f E s t im a te  = 4 3 ,8 8 6  m a lla rd s  R ^ = 0 .9 3
(E q u a tio n  2 ) R G A F  = 1 7 .9 1 3  +  0 .5 7 0 (M E D N O V 1 ) -  0 .0 0 7 (B R D P O P 3 1 )
-  0 .0 4 1  ( B R D P O P l l )  -  0 .0 82  (B R O O D 3 1 )  
-0 .4 7 8 (L N E S T 3 1 )
S ta n d a rd  E r r o r  o f E s t im a te  = 2 .62%  R^ = 0 .8 8
w h e re :
T O T A L  = m id -w in te r  m a l la r d  p o p u la tio n  in  W ash in g to n , 
O re g o n , Id a h o , and C a li fo r n ia
B R D P O P l l  = m a l la r d  b re e d in g  p o p u la tio n  in d ex  in  A la s k a  
d u rin g  the  p re v io u s  M a y
B R D P O P 3 1  = m a l la r d  b re e d in g  p o p u la tio n  in d ex  in  sou th w est 
A lb e r ta  d u r in g  th e  p re v io u s  M a y
B R O O D 3 1  = to ta l  b ro o d  in d e x  f r o m  so u th w es t A lb e r ta  th e  
p re v io u s  J u ly
L N E S T 3 1  = m a l la r d  la te -n e s t in g  in d e x  f r o m  sou th w est 
A lb e r ta  th e  p re v io u s  J u ly
J A N D A Y 4  = n u m b e r o f days b e tw e e n  1 and 15 J a n u a ry  w ith  
^ 2 .5  c m  o f snow c o v e r  a t L in d , W ash in g to n
M E D N O V l = a v e ra g e  m e d ia n  te m p e r a tu re  fo r  the p re c e d in g  
N o v e m b e r  a t L in d , W a s h in g to n  (®C)
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N o  a d d it io n a l in d e p e n d e n t v a r ia b le s  a c c o u n te d  fo r  s ig n if ic a n t  
p o rt io n s  o f th e  r e m a in in g  v a r ia b i l i t y  in  G A F  o r  R G A F  (P  >  0 .0 5 ) .  
V a r ia b le s  th a t  w e r e  c o n s id e re d  b u t d id  not e n te r  in to  th e  eq u a tio n s  
in c lu d e d  b re e d in g  p o p u la tio n  in d ic e s  f r o m  Y u k o n -w e s t M a c k e n z ie ,  
c e n t r a l  M a c k e n z ie ,  and n o r th e a s t  B r i t is h  C o lu m b ia -n o r th w e s t  A lb e r ta ;  
D e c e m b e r  and  e a r ly  J a n u a ry  te m p e r a tu r e  and p r e c ip ita t io n  v a r ia b le s ;  
and to ta l  h e c ta re s  o f f ie ld  c o rn  p la n te d  th e  p re v io u s  s p r in g  on C o lu m b ia  
B a s in  I r r ig a t io n  P r o je c t  la n d s . B re e d in g  p o p u la tio n  d a ta  p r io r  to  1955  
w e r e  m is s in g . J a n u a ry  1 9 6 4  m id - w in t e r  p o p u la tio n  d a ta  and c o r r e ­
sp o n d in g  v a lu e s  o f a l l  in d ep e n d e n t v a r ia b le s  w e r e  a ls o  e x c lu d ed  
b e c a u s e  th e  d if fe r e n c e  b e tw e e n  o b s e rv e d  and p re d ic te d  v a lu e s  o f G A F  
and  R G A F  e x c e e d e d  2 s ta n d a rd iz e d  r e s id u a ls .  T h e r e fo r e ,  th e  
r e g r e s s io n  e q u a tio n s  a r e  b a s e d  on c o m p le te  d a ta  a v a ila b le  f r o m  
1 9 5 5 -1 9 6 3  and  1 9 6 5 -1 9 8 0 .
B re e d in g  g ro u n d  p a r a m e te r s  f ig u r e  p r o m in e n t ly  in  b o th  
e q u a tio n s , and a l l  h a ve  n e g a tiv e  r e g r e s s io n  c o e ff ic ie n ts , even  though  
B R O O D S  1 and  D N E S T 3 1  a r e  n e g a t iv e ly  c o r r e la te d  ( r  = - 0 .5 5 5 ,
P  = 0 .0 0 2 ) .  E a r ly  J a n u a ry  snow  c o v e r  e x p la in e d  the  m o s t v a r ia b i l i t y  
in  G A F  a f te r  v a r ia t io n s  in  F ly w a y  m id - w in t e r  p o p u la tio n  s iz e  and  
b re e d in g  g ro u n d  p a r a m e te r s  w e r e  ac c o u n te d  f o r .  N o  a d d it io n a l  
w e a th e r  v a r ia b le s  ad ded  to  th e  e q u a tio n  w e r e  s ig n if ic a n t .  C o n v e rs e ly ,  
a v e ra g e  m e d ia n  N o v e m b e r  te m p e r a tu r e  w as  th e  w e a th e r  v a r ia b le  th a t  
e x p la in e d  th e  m o s t v a r ia b i l i t y  in  R G A F t - m ild  N o v e m b e r  te m p e ra tu re s
66
w e r e  c o r r e la te d  w ith  a  la r g e r  p e rc e n ta g e  of th e  F ly w a y  m id -w in te r  
p o p u la tio n  b e in g  in  G ra n t , A d a m s , and F r a n k l in  co u n ties  d u rin g  
J a n u a ry . V a r ia t io n s  in  G A F  w e r e  d ir e c t ly  re la te d  to  th e  n u m b e r o f 
m a lla r d s  w in te r in g  in  th e  4 -s ta te  re g io n  (T O T A L ) ,  h o w e v e r , R G A F  
w as  not s im i la r ly  in flu e n c e d , th e  s a m e  p a tte rn  su gg ested  b y  e x a m in a tio n  
o f th e ir  s im p le  l in e a r  r e g r e s s io n  c o e ff ic ie n ts .
T h e  G A F  m o d e l has l i t t l e  p r e d ic t iv e  a p p lic a tio n  s in c e  v a lu e s  
o f T O T A L  and J A N D A Y 4  a r e  u n a v a ila b le  b e fo re  th e  m id -w in te r  s u rv e y  
is  co nd ucted . A l l  in d ep en d en t v a r ia b le s  in  th e  R G A F  eq u atio n , h o w e v e r, 
a r e  c a lc u la te d  p r io r  to  th e  m id -w in te r  s u rv e y , th e re b y  a llo w in g  p r e ­
d ic tio n s  in  e a r ly  D e c e m b e r .
L im it in g  th e  In c lu s io n  o f in dep end ent v a r ia b le s  to  those th a t  
a r e  a v a ila b le  p r io r  to  th e  m id -w in te r  cen su s , th e  fo llo w in g  equation  
w a s  found to  b e  th e  b e s t p r e d ic to r  o f G A F :
(E q u a tio n  3) G A F  = 3 6 0 ,4 8 8 .1  +  1 0 ,3 3 2 .2 5 (M E D N O V l)
-  1 5 ,5 6 0 .2 2  (L N E S T 3 1 )  -  2 1 4 4 .0 5 (B R O O D 3 1 )
-  8 7 9 .2 3 (B R D F O F l 1 )
S tan d a rd  E r r o r  o f E s t im a te  = 7 0 ,4 9 8  m a lla rd s  R^ = 0 .7 9
F u tu r e  e s t im a te s  u s ing  eq u atio n s  2 and 3 sh ou ld  be  w ith in  5.24%  of 
R G A F  and 1 4 1 ,0 0 0  o f G A F  a p p ro x im a te ly  95% o f th e  t im e .
C H A P T E R  V  
D IS C U S S IO N
F a l l  fo o d  h a b its  o f C o lu m b ia  B a s in  m a l la r d s  a r e  s im i la r  to  
r e s u lts  o b ta in e d  f r o m  o th e r  g r a in  p ro d u c in g  re g io n s  (G ir a r d  1 9 4 1 , 
S toudt 1 9 4 4 , B o s s e n m a ie r  and  M a r s h a l l  1 9 5 8 , O ln e y  1 9 6 4 , S tre e t  1 9 7 7 , 
Sugden and  D r i v e r  1 9 8 0 , and o th e rs ) , c o n s is tin g  la r g e ly  o f w a s te  g r a in ,  
b u t s t i l l  in c lu d in g  s u b s ta n t ia l a m o u n ts  o f b a rn y a r d  g ra s s  and a q u a tic  
s e e d s . T h e  d r a m a t ic  in c re a s e  in  O c to b e r  c o rn  c o n s u m p tio n  d u rin g  th e  
e a r ly  h a rv e s t  y e a r  o f 1 9 7 9  in d ic a te s  th a t m a lla r d s  q u ic k ly  s w itc h e d  
f r o m  s m a l l  g r a in  to  c o rn  as t h e ir  p r im a r y  food  s o u rc e  as soon as i t  
b e c a m e  a v a i la b le .  P ro b a b le  re a s o n s  f o r  th e  sudden change o f d ie t  
in c lu d e :
1 . C o r n 's  h ig h e r  e n e rg y  c o n te n t - - th e  m e ta b o liz a b le  e n e rg y  (M E )  
o f a i r - d r i e d  c o rn  is  a p p r o x im a te ly  3 .8 5  k c a l /g  (S ib b a ld  1 9 7 9 ), 
w h e re a s  w h e a t and b a r le y  h a ve  c a lc u la te d  M E  v a lu e s  o f 3 .5 3  
and 3 .1 7  k c a l /g  d r y  w e ig h t (Sugden 1 9 7 1 ). M E  v a lu e s  o f a i r -  
d r ie d  s m a l l  g r a in  w o u ld  b e  lo w e r  s t i l l .
2 . C o r n 's  l a r g e r  k e r n e l  s iz e  and th e  fa c t  th a t c o rn f ie ld s  a r e  
r e la t iv e ly  w e e d  f r e e  w o u ld  in c re a s e  fo ra g in g  e f f ic ie n c y .
3 . M o s t m a l la r d s  o b ta in  s m a l l  g r a in  f r o m  n o n - i r r ig a t e d  f ie ld s  on
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th e  p e r ip h e r y  o f C o lu m b ia  B a s in  P r o je c t  la n d s  b e c a u s e  m o s t  
i r r ig a t e d  s m a l l  g r a in  is  p lo w e d  soon a f t e r  h a rv e s t  and  
re s e e d e d . C o n s e q u e n tly , c o rn f ie ld s  a r e  s u b s ta n t ia lly  c lo s e r  
to  th e  m a jo r  m a l la r d  c o n c e n tra t io n  a re a s  th an  m o s t s m a ll  
g r a in  fe e d in g  s ite s .
I t  w o u ld  a p p e a r  th a t b y  s e le c t in g  a c o rn  d ie t ,  f ie ld - fe e d in g  
m a lla r d s  m a x im iz e d  th e  a m o u n t o f e n e rg y  co n su m ed  p e r  u n it o f t im e  
(and  e f fo r t )  ex p en d e d . T h is  co u ld  b e  e s p e c ia lly  im p o r ta n t  d u r in g  th e  
h u n tin g  s e a s o n  w h e n  h a ra s s m e n t  on th e  fe e d in g  g ro u n d s  is  w id e s p re a d .  
H o w e v e r , th e  h ig h  u t i l iz a t io n  o f c o rn  o b s e rv e d  on open ing  w e e k e n d  of 
th e  1 9 7 9 -8 0  h u n tin g  s e a s o n  in d ic a te d  th a t fo o d  p r e fe r e n c e  r a th e r  th an  
a v o id a n c e  o f  h u n tin g  w a s  p r i m a r i l y  re s p o n s ib le .
S e le c tio n  o f s tu b b le  o v e r  d is k e d  and chopped c o rn f ie ld s , h ig h  
u t i l iz a t io n  o f u n g ra z e d  c o rn  s tu b b le , in c re a s e d  r e l ia n c e  on g ra z e d  
s tu b b le  d u r in g  p e r io d s  o f snow  c o v e r , and  a v o id a n c e  o f p r e v io u s ly  
g r a z e d  s tu b b le  f ie ld s  a ls o  in d ic a te d  o p t im iz a t io n  of n e t e n e rg y  in ta k e .  
W in te r in g  m a l la r d s  in  N e b ra s k a  a ls o  r e l ie d  on c a t t le  to  expose  w a s te  
g r a in  w h e n  snow  c o v e re d  th e  g ro u n d  (J o rd e  1 9 8 1 ),
T h e  n e a r ly  e x c lu s iv e  c o rn  d ie t  o f C o lu m b ia  B a s in  m a lla r d s  
a f t e r  m id -N o v e m b e r  a g re e s  w ith  r e s u lts  f r o m  o th e r  n o r th e rn  w in te r in g  
a r e a s  w ith in  th e  c o rn  b e lt  (R e e d  1 9 7 1 , J o rd e  1 9 8 1 ) , F o o d  h a b its  of 
m a lla r d s  w in te r in g  f u r t h e r  s o u th  show  h ig h e r  u t i l iz a t io n  o f a n im a l  
m a t t e r  an d  a s s o c ia te d  a q u a tic  v e g e ta t io n  and  s e ed s  (C h a m b e r la in  1 9 5 9 ,
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D il lo n  1 9 5 9 , Ju n c a  et a l .  1 9 6 2 , M c M a h a n  1 9 7 0 , and o th e rs ) .
C o rn  s u p p lie s  w e r e  a p p a re n tly  ad eq u ate  to  m e e t th e  f a l l  and  
w in te r  e n e rg y  d em an d s  o f th e  1 9 7 9 -8 0  B a s in  m a l la r d  p o p u la tio n . 
U n fo r tu n a te ly , th is  h y p o th e s is  co u ld  not be te s te d  fo r  p re v io u s  y e a rs  
b e c a u s e  o f th e  la c k  o f d a ta  re g a rd in g  p o s t -h a rv e s t  la n d -u s e . E s t im a te d  
d a ily  e n e rg y  r e q u ire m e n ts  (2 6 5 -3 1 6  k c a l /d a y )  w e r e  s im i la r  to  th e  
2 94 k c a l /d a y  e s t im a te d  fo r  f ie ld - fe e d in g  m a lla rd s  in  A lb e r ta  b y  Sugden  
(1 9 7 9 ), E s t im a te d  d a ily  c o rn  re q u ire m e n ts  (6 9 -8 1  g /d a y )  w e re  c o m ­
p a ra b le  to  th e  73 g /d a y  co n su m ed  b y  c a p tiv e  m a lla r d s  in  I l l in o is  d u rin g  
J a n u a ry  (J o rd a n  1 9 5 3 b ).
A  p u re  c o rn  d ie t  has lo n g  b een  re c o g n iz e d  as n u tr it io n a lly  
d e fic ie n t  in  c a lc iu m  and its  q u a n tity  and q u a lity  o f p ro te in  (R o m m e l 
and V e d d e r  1 9 1 5 , M o r r is o n  1 9 3 6 ), C o rn  co n ta in s  o n ly  0 .0 2%  c a lc iu m  
and 8 .8%  c ru d e  p ro te in  (N a t io n a l R e s e a rc h  C o u n c il 1 9 7 7 ), c o m p a re d  to  
th e  0 .9  and 18 .5%  re c o m m e n d e d  b y  S cott (1 9 7 3 ) fo r  n o n -b re e d in g  w ild  
w a te r fo w l in  c a p t iv ity . L y s in e  and try p to p h a n , 2 e s s e n tia l a m in o  a c id s , 
a r e  p a r t ic u la r ly  s c a rc e  in  c o rn . T h e r e fo r e ,  a ltho ugh  a q u a tic  in s e c ts , 
s n a il  s h e lls , and a q u a tic  v e g e ta tio n  c o m p r is e d  o n ly  1 -2 %  of the  d ie t ,  
th e y  p ro b a b ly  p ro v id e  im p o r ta n t  s u p p le m e n ts  o f c a lc iu m  and p ro te in  
la c k in g  in  c o rn . A n o th e r  p o te n t ia l s o u rc e  o f c a lc iu m  w h ic h  w a s n 't  
m e a s u re d  w as f r o m  g r i t .  A lth o u g h  am o u n ts  co n su m ed  w e r e  g e n e ra l ly  
s m a ll  and c o n s is te d  o f f in e  p a r t ic le s ,  63% of th e  b ir d s  s a m p le d  co n ­
ta in e d  g r i t  in  t h e ir  esophagus.
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T h e  r e la t iv e ly  s h o r t  t im e  r a d io e d  m a l la r d s  re m a in e d  in  r a d io  
c o n ta c t (x  = 17 d a y s ) an d  th e  p re d o m in a n t ly  s o u th w a rd  m o v e m e n ts  th e y  
e x h ib ite d  in d ic a te s  th e  B a s in  is  an ex ten d ed  s to p o v e r  r e g io n  r a th e r  th an  
a  t e r m in a l  w in te r in g  a r e a  f o r  th e  m a jo r i t y  o f m a l la r d s  u t i l iz in g  th e  
a r e a .  S im i la r ly  in  O h io , c o lo r -m a r k e d  m a lla r d s  r e m a in e d  an  a v e ra g e  
of o n ly  3 .4  d a ys  b e fo re  d e p a r t in g . W in n e r  (1 9 6 0 ) f e l t  th is  w as  a  
c o n d itio n in g  p e r io d  d u r in g  w h ic h  m a l la r d s  a c c u m u la te d  l ip id  r e s e r v e s  
to  fu e l  t h e ir  c o n tin u e d  m ig r a t io n .  H o w e v e r , s e le c t in g  a  n e a r ly  
e x c lu s iv e  c o rn  d ie t  m a y  e v e n tu a lly  b e c o m e  a n u t r i t io n a l  d r a in  r a th e r  
th a n  a  b e n e f it .  L a b is k y  and A n d e rs o n  (1 9 7 3 ) a t t r ib u te d  h ig h  n a tu r a l  
m o r t a l i t y  r a te s  o f hen  p h e a s a n ts  in  I l l in o is  to  " n u tr i t io n a l  im b a la n c e s  
f r o m  w a s te  c o rn  in  th e  d ie t .  " M i l l e r  (1 9 7 5 ) and R a b e n b e rg  (u n p u b lish ed  
d a ta ) b o th  fo und  th a t g a m e fa r m  m a lla r d s  lo s t m o r e  w e ig h t w hen fe d  
c o rn  th a n  a  c o m m e r c ia l  p o u lt r y  m a in te n a n c e  r a t io n .  C ornas  n u t r i t io n a l  
in a d e q u a c ie s  m a y  b e  1 fa c to r  in f lu e n c in g  th e  r a t e  a t w h ic h  m a lla r d s  
e m ig r a te  f r o m  th e  B a s in . W h ile  s u ff ic ie n t  c a lc iu m  and a  w e ll-b a la n c e d  
p r o te in  in ta k e  a r e  e s s e n t ia l to  s u c c e s s fu l re p ro d u c t io n  b y  fe m a le  
w a te r fo w l (S co tt 1 9 7 3 , K ra p u  1 9 7 5 ) , th e  p h y s io lo g ic  im p a c t o f an  
e x te n d e d  c o rn  d ie t  on s to re d  c a lc iu m  (s k e le ta l )  and  p r o te in  (m u s c le )  
r e s e r v e s ,  and th e  s u b s e q u e n t a b i l i t y  o f hens to  r e p le n is h  th e s e  r e s e r v e s  
p r io r  to  n e s tin g  a r e  unkn ow n.
B o d y  w e ig h ts  o b s e rv e d  in  th is  s tu d y , and th e  p a tte rn  o f w e ig h t  
g a in s  d u r in g  f a l l  fo llo w e d  b y  s h a rp  d e c lin e s  in  J a n u a ry  a r e  s im i la r  to
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r e s u lts  o b ta in e d  b y  F o lk  e t a l ,  (1 9 6 6 ) in  C z e c h o s lo v a k ia , Sugden et a l .  
(1 9 7 4 ) in  A lb e r t a ,  O w e n  and  C o o k e  (1 9 7 7 ) and S tre e t  (1 9 7 7 ) in  E n g la n d , 
and  J o rd e  (1 9 8 1 ) in  N e b ra s k a . I t  a p p e a rs  th is  t r e n d  a p p lie s  to  m a l la r d s  
w in te r in g  in  te m p e r a te  c l im a te s  a c ro s s  th e  n o r th e r n  h e m is p h e re .  
A rk a n s a s  m a l la r d s  sh o w ed  o n ly  a s lig h t  d e c lin e  in  body w e ig h t d u r in g  
J a n u a ry  (W r ig h t  I9 6 0 ) ,  In  a l l  lo c a t io n s , b o d y  w e ig h ts  d e c re a s e d  d u rin g  
th e  c o ld e s t p o r t io n  o f th e  w in te r  as m a l la r d s  d e p le te d  l ip id  r e s e r v e s  
a c c u m u la te d  th e  p re v io u s  f a l l .  J o rd a n  (1 9 5 3 ) found  th a t m a l la r d s  lo s t  
4 0 -5 0 %  o f t h e ir  b o d y  w e ig h t b e fo r e  s ta r v in g  to  d e a th . T h e  15% d e c lin e  
n o te d  f o r  m a l la r d s  in  th e  C o lu m b ia  B a s in  d u r in g  J a n u a ry  in d ic a te s  th a t ,  
in  g e n e r a l ,  m a l la r d s  o v e r -w in te r e d  in  good p h y s ic a l c o n d itio n  and w e r e  
n o t in  im m in e n t  d a n g e r o f s ta r v a t io n . " E x c e p t in  r a r e  in s ta n c e s , . . . 
a re d u c tio n  in  th e  a v a i la b le  fo o d  s u p p ly  . . .  r e s u lts  in  a  re d u c tio n  in  
n u m b e rs  c o m p a ra b le  to  th e  re d u c t io n  in  fo o d  s u p p ly "  (B e l lr o s e  and  
H a w k in s  1 9 4 7 ) , s u g g e s tin g  th a t m a l la r d s  u s u a lly  e m ig r a te  b e fo re  
c r i t i c a l  w e ig h t lo s s e s  o c c u r .
S ex  c o m p o s itio n  e s t im a te s  o f 5 7 .7 -5 8 .9  and 5 4 .4 -5 6 .7 %  m a le s  
f o r  th e  1 9 7 8 -7 9  and 1 9 7 9 -8 0  C o lu m b ia  B a s in  w in te r in g  m a l la r d  p o p u la ­
tio n s  a r e  c o m p a ra b le  to  v a lu e s  f o r  m a l la r d s  w in te r in g  a c ro s s  E u ro p e  
(N ils s o n  1 9 7 6 :9 3 ) , r e s u lts  u s u a lly  ra n g in g  f r o m  55 to  60%  d ra k e s .  
P u b lis h e d  s tu d ie s  o f m a l la r d  s e x  r a t io s  on n o r th e r n  w in te r in g  g ro u n d s  
in  N o r th  A m e r ic a  a r e  fe w , b u t m o s t found  h ig h e r  p e rc e n ta g e s  o f d ra k e s  
th a n  in  th e  B a s in . Sugden e t a l .  (1 9 7 4 ) fo u n d  th a t  70%  o f th e  m a l la r d s
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w in te r in g  in  C a lg a r y ,  A lb e r t a ,  w e r e  d ra k e s . W in te r in g  p o p u la tio n s  in  
M ic h ig a n  an d  N e b ra s k a  c o n ta in e d  6 7 -7 5  and  ab ou t 60%  m a le s ,  r e s p e c ­
t iv e ly  (R e e d  1 9 7 1 , J o rd e  1 9 8 1 ). V a r ia t io n s  in  s u rv e y  m eth o d s  and  
r e la t iv e ly  m i ld  w in te r  te m p e r a tu r e s  in  th e  B a s in  m a y  acco u n t fo r  th e s e  
d if fe r e n c e s .
P o te n t ia l  re a s o n s  f o r  th e  s ig n if ic a n t ly  g r e a te r  p ro p o r t io n  o f 
d ra k e s  in  1 9 7 8 -7 9  th a n  in  1 9 7 9 -8 0  in c lu d e  a lo w e r  im m a tu r e /a d u lt  age  
r a t io ,  o r  a  g r e a te r  r a t e  o f e m ig r a t io n  f r o m  th e  B a s in  b y  fe m a le s  
a n d /o r  im m a tu r e s  in  1 9 7 8 -7 9 .  B e l l r o s e  e t a l .  (1 9 6 1 ) s u m m a r iz e d  
d a ta  sh o w in g  th a t im m a tu r e  m a le s  and fe m a le s  o c c u r  in  n e a r ly  e q u a l 
p ro p o r t io n s  in  th e  f a l l ,  w h e re a s  a d u lt  s e x  r a t io s  fa v o r  m a le s ; th e r e fo r e ,  
a la r g e r  im m a tu r e  c o m p o n en t in  th e  f a l l  p o p u la tio n  tends  to  e q u il ib ra te  
th e  o v e r a l l  s e x  r a t io .  Im m a tu r e ;a d u lt  r a t io s  o f h a rv e s te d  m a lla r d s  
(S o re n s o n  e t a l .  1 9 8 1 ) w e r e  h ig h e r  in  1 9 7 8 -7 9  th a n  1 9 7 9 -8 0  b o th  in  
W a s h in g to n  (1 .6  v s  1 .3 )  and th e  P a c i f ic  F ly w a y  as a  w h o le  (1 .8  v s  1 .5 ) ,  
th e  o p p o s ite  r e s u l t  e x p e c te d  i f  a n n u a l v a r ia t io n s  in  p o p u la tio n  age  
r a t io s  had  b e e n  r e s p o n s ib le  fo r  th e  o b s e rv e d  d if fe re n c e  in  se x  r a t io s .
A n  in c re a s e d  m o v e m e n t o f hens a n d /o r  im m a tu r e s  out o f th e  B a s in  in
1 9 7 8 -7 9  th e r e fo r e  s e e m s  l ik e ly .  S im i la r ly ,  m a l la r d  sex  ra t io s  w e r e  
h ig h e r  and ag e  r a t io s  lo w e r  in  N e b ra s k a  d u r in g  1 9 7 8 -7 9  th an  th e  m i ld e r
1 9 7 9 -8 0  w in te r  (J o rd e  1 9 8 1 ) . A l fo r d  and B o le n  (1 9 7 7 ), A n d e rs o n  and  
T im k in  (1 9 7 2 ) , and  B e n n e tt and B o le n  (1 9 7 8 ) h a v e  show n th a t co ld  
te m p e r a tu r e s  and  h ig h  w in d s  c a u se  p in ta i l  (A n a s  a c u ta ), c o m m o n
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m e r g a n s e r  (M e rg u s  m e r g a n s e r ), and g re e n -w in g e d  te a l  (A . c r e c c a  
c a r o l ln e n s is ) hens  to  e m ig r a te  f r o m  th e  a f fe c te d  a r e a  a t  a  m o r e  r a p id  
r a t e  th a n  d r a k e s .
T h e  o b s e rv e d  a n n u a l d i f fe r e n c e  in  s e x  r a t io s  m a y  a ls o  be  
p a r t ia l ly  a t t r ib u ta b le  to  in c re a s e d  c o m p e tit io n  o v e r  fo od  r e s o u r c e s ,  
r e s u lt in g  in  a  r e la t iv e ly  g r e a te r  e m ig r a t io n  o f fe m a le s  d u r in g  th e  m o r e  
s e v e re  1 9 7 8 -7 9  w in t e r .  J o rd e  (1 9 8 1 ) found  th a t in  N e b ra s k a  c o rn f ie ld s ,  
s in g le  d r a k e  m a l la r d s  a lm o s t  a lw a y s  d is p la c e d  s in g le  fe m a le s  and th a t  
p a ire d  b ir d s  d o m in a te d  s in g le  b i r d s .  N ic h o ls  and H a r a m is  (1 9 8 0 ) f e l t  
th a t d ra k e  c a n v a s b a c k s  (A y th y a  v a l is in e r ia ) d o m in a te d  w in te r  food  
s u p p lie s  w h e n  fo o d  w a s  s c a r c e .  T h e  g r e a te r  p ro p o r t io n  o f hens in  
w h e a t th a n  c o rn  s tu b b le  d u r in g  J a n u a ry  o f b o th  y e a rs  (w hen co ld  
te m p e r a tu r e s  and snow  c o v e r  p r e v a i le d ) ,  co u ld  b e  th e  r e s u lt  o f d ra k e s  
e x c lu d in g  hens f r o m  p r e f e r r e d  c o rn  s tu b b le  s ite s . O n ly  40%  of the  
b ir d s  fe e d in g  in  w h e a t s tu b b le  d u r in g  J a n u a ry  1 9 7 9  w e r e  m a le s ,  
in d ic a t in g  e s ta b lis h e d  p a ir  bonds a r e  s u b je c t to  d e te r io r a t io n  w hen  
fo o d  s u p p lie s  r e a c h  c r i t i c a l  le v e ls .  T h e  s e x  c o m p o s itio n  o f f i e l d -  
fe e d in g  b ir d s  d u r in g  p e r io d s  o f snow  c o v e r  w e r e  w e l l  b e lo w  th a t of 
th e  o v e r a l l  p o p u la tio n , s u g g e s tin g  th a t hens m a y  b e  fo rc e d  to  fe e d  
m o r e  o fte n  o r  fo r  lo n g e r  p e r io d s  o f t im e  th an  d ra k e s .
T h e  a v e r s io n  o f m o s t fe m a le  du cks to  in c le m e n t w e a th e r  is  
a ls o  m a n ife s te d  in  th e  h a b ita ts  th e y  o c c u p y . N ils s o n  (1 9 7 0 ) and  
C a m p b e ll  (1 9 7 7 ) fo und  th a t c o m m o n  g o ld e n e y e  (B u c e p h a la  c la n g u la )
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d ra k e s  d o m in a te d  th e  s e a w a rd  p a r t  o f f lo c k s  w h ile  fe m a le s  and  young  
b ir d s  w e r e  m o r e  c o m m o n  in  th e  in n e r  p o r t io n s . N ils s o n  (1 9 7 6 ) found  
a  h ig h e r  p e rc e n ta g e  o f d ra k e  m a l la r d s  in  " m o r e  n o r th e r n , c o n tin e n ta l,  
and ex p o s ed  c o a s ta l a r e a s "  in  S w ed en , P a ir e d  m a l la r d s  in  N e b ra s k a  
u t i l iz e d  i r r ig a t io n  c a n a ls  m o r e  and r iv e r in e  h a b ita ts  le s s  th an  th e ir  
u n p a ire d  c o u n te rp a r ts  d u r in g  c o ld  p e r io d s . J o rd e  (1 9 8 1 ) a t t r ib u te d  
th is  to  a  w a r m e r  m ic r o c l im a te  in  th e  c a n a ls . S im i la r ly  in  m y  s tu d y , 
a h ig h e r  p e rc e n ta g e  o f fe m a le s  w e r e  n o te d  in  i r r ig a t io n  c a n a ls , c re e k s ,  
and th e  i c e - f r e e  p o rt io n s  o f s m a l l  w e tla n d s  th a n  on m o r e  exposed  la k e s ,  
r e s e r v o i r s ,  and th e  C o lu m b ia  R iv e r .
T h e  g r e a te r  p ro p o r t io n  o f hens on lo a f in g  s ite s  th an  o p e n -  
w a te r  h a b ita ts  n o ted  in  th is  s tu d y  m a y  a ls o  be  a  re s p o n s e  to  a  w a r m e r  
m ic r o c l im a t e .  A lth o u g h  n o t q u a n tif ie d , lo a f in g  s ite s  s e e m e d  to  b e  
used  m o s t  on days  te m p e r a tu r e s  w e r e  ab o ve  0®C and a ls o  on c o ld e r  
days  i f  s k ie s  w e r e  c le a r  and w in d s  m o d e ra te , a re s p o n s e  a ls o  o b s e rv e d  
b y  R e e d  (1 9 7 1 ) . B y  ta k in g  a d v a n ta g e  o f s o la r  r e f le c ta n c e  o ff  snow  and  
ic e ,  s o la r  a b s o rp t io n , and  fe a th e r  e r e c t io n ,  th e  b i r d  can  m in im iz e  h e a t  
lo s s . C o n v e r s e ly ,  on d a ys  w it h  h ig h  w in d s  and c o ld  te m p e r a tu r e s ,  
in c re a s e d  c o n v e c tiv e  h e a t lo s s e s  m a y  m a k e  im m e r s io n  in  w a te r  e n e r ­
g e t ic a l ly  a d v a n ta g e o u s . F e rg u s o n  et a l ,  (1 9 8 1 ) a ls o  o b s e rv e d  a  
s ig n if ic a n t ly  g r e a t e r  p r o p o r t io n  o f hen m a l la r d s  on ic e  th a n  open w a te r  
in  N e b ra s k a . In  L o u is ia n a , lo a f in g  s ite s  w e r e  2 - 6  t im e s  m o r e  
a t t r a c t iv e  to  fe m a le  th a n  m a le  g re e n -w in g e d  t e a l  ( T a m is ie r  1 9 7 6 ),
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B e c a u s e  r e la t i v e ly  m o r e  o f th e  b ir d s  on lo a f in g  s ite s  th a n  o p e n -w a te r  
h a b ita ts  w e r e  p a ir e d ,  th is  p h en o m en o n  m a y  a ls o  b e  an  a v o id a n c e  
m e c h a n is m  b y  p a ir e d  b ir d s  to  m in im iz e  s e x u a l h a ra s s m e n t f r o m  
u n p a ire d  d r a k e s .
J o rd e  (1 9 8 1 ) fo u n d  th a t  w in te r in g  fe m a le  m a l la r d s  in  N e b ra s k a  
had  to ta l  l ip id  r e s e r v e s  as  la r g e  as  m a le s  o f t h e i r  r e s p e c t iv e  age  
c la s s e s , d e s p ite  t h e ir  s ig n if ic a n t ly  lo w e r  b o d y  w e ig h ts . D u r in g  sudden  
c o ld  s n a p s , p e r io d s  o f l im i t e d  food  a v a i la b i l i t y ,  o r  o th e r  fa c to rs  w h ic h  
r e s u l t  in  n e t e n e rg y  o u tflo w , fe m a le s  u t i l iz e  t h e ir  l ip id  r e s e r v e s  a t a  
p r o p o r t io n a te ly  g r e a te r  r a t e  (g l ip id s  u t i l i z e d /p e r  u n it b o d y  w e ig h t /p e r  
d a y ) th a n  m a le s  (C a ld e r  1 9 7 4 ); h o w e v e r , th e  to ta l  l ip id s  u t i l iz e d  o v e r  
a s p e c if ie d  t im e  in t e r v a l  w o u ld  b e  g r e a te r  f o r  d ra k e s  b e c a u s e  of th e ir  
l a r g e r  d a i ly  e n e rg y  r e q u ir e m e n t  (T a b le  3, page  4 1 ). T h e r e fo r e ,  hens  
sh o u ld  b e  a b le  to  s u rv iv e  lo n g e r  d u r in g  p e r io d s  o f l im i t e d  fo od  o r  co ld  
s t r e s s ,  an  a s s e s s m e n t s u p p o rte d  b y  J o rd a n  (1 9 5 3 ), w h o  w ith h e ld  food  
f r o m  m a l la r d s  in  I l l in o is  d u r in g  J a n u a ry  and F e b r u a r y .  H e  found th a t  
a f t e r  25 d a y s , hens s u rv iv e d  a t a  r a t e  tw ic e  th a t o f d ra k e s . H e  s p e c u ­
la te d  th a t th is  d i f fe r e n c e  w a s  due to  in c re a s e d  fa t  s to ra g e  in  hen s .
T h is  in d ic a te s  th a t  hens m a y  a v o id  a d v e rs e  w e a th e r  to  c o n s e rv e  t h e ir  
l ip id  r e s e r v e s ,  r a t h e r  th a n  b e c a u s e  th e y  a r e  p h y s io lo g ic a lly  le s s  
c a p a b le  o f s u r v iv in g .  M a in te n a n c e  o f l ip id  r e s e r v e s  d u r in g  w in te r  
c o u ld  in f lu e n c e  th e  c o n d itio n  o f hens a r r iv in g  on th e  b re e d in g  g ro u n d s  
th e  fo llo w in g  s p r in g , a  fa c to r  show n to  b e  p o s it iv e ly  c o r r e la te d  w ith
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c lu tc h  s iz e  in  m a lla r d s  (K ra p u  1 9 8 1 ) and o th e r  w a te r fo w l s p e c ie s  
(R y d e r  1 9 7 0 , M i ln e  1 9 7 6 , A n k n e y  and M a c ln n e s  1 9 7 8 ).
A d v a n ta g e s  and d is a d v a n ta g e s  o f th e  3 m eth ods  used to  
e s t im a te  p o p u la tio n  s e x  r a t io s  in  th is  s tu d y  a r e  o u tlin e d  in  T a b le  10 . 
A c c e s s ib i l i ty  o f th e  a re a ;  p r e v a i l in g  w e a th e r  co n d itio n s ; s iz e  and  
c o m p o s itio n  o f th e  w in te r in g  w a te r fo w l p o p u la tio n ; a v a ila b le  t im e ,  
m a n p o w e r, and eq u ip m e n t; p u rp o s e  and d u ra tio n  o f the study; r e q u ire d  
p re c is io n ;  and o th e r  p e r t in e n t  fa c to rs  shou ld  be c o n s id e re d  w hen  
s e le c t in g  th e  m e th o d (s ) to  be  used . In  g e n e ra l,  the fe e d in g  f l ig h t  
te c h n iq u e  is  not re c o m m e n d e d , ex c ep t in  a  s u p p le m e n ta ry  r o le  w h e n ­
e v e r  i t  is  p o s s ib le  to  use a e r ia l  p h o to g rap h s  o r  w e ig h te d  g rou nd  counts .
In  B e l lr o s e  e t a l .  (1 9 6 1 :4 0 2 ) i t  is  s ta te d  th a t " f ie ld  o b s e rv a ­
tio n s  . . . p ro v id e  a c c u ra te  s e x  r a t io s  fo r  f lo c k s  o f ducks p re s e n t in  
la te  w in te r  and e a r ly  s p r in g . " W in te r  counts a r e  a d m it te d ly  e a s ie r  to  
o b ta in  and p ro b a b ly  le s s  b ia s e d  th an  se x  r a t io s  conducted  a t o th e r  
t im e s  o f th e  y e a r  b e cau s e  m o s t s p e c ie s  o f ducks a r e  c o n c e n tra te d  and  
in  n u p t ia l p lu m a g e . H o w e v e r , th e  d if fe re n c e s  in  h a b ita t use and f ie ld -  
fe e d in g  r a te s  b e tw e e n  th e  s e x es  o b s e rv e d  in  th is  s tu d y  in d ic a te  th a t i t  
is  m o r e  d i f f ic u lt  to  o b ta in  an  u n b iased  e s t im a te  o f th e  t r u e  sex  r a t io  
th an  w a s  b e lie v e d . N ils s o n  (1 9 7 0 ), a f te r  d e s c r ib in g  d if fe r e n t  f lo c k in g  
te n d e n c ie s  and h a b ita t  p re fe re n c e s  b e tw e e n  w in te r in g  m a le  and fe m a le  
g o ld e n e y e s  in  S w eden, co n c lu d ed  th a t to  o b ta in  m e a n in g fu l sex r a t io  
e s t im a te s , " th e  d if fe r e n t  k in d s  o f v a r ia t io n  m u s t be  w e l l  know n and
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T a b le  10. Advantages and disadvantages of 3 methods used to es tim ate  population sex ra tio s .
M ethod Advantages Disadvantages
A e r ia l  photographs^ 1. M ost econom ical in  te rm s  
of cost p e r b ird  sam pled  
(Ferguson  et a l. 1981).
2 . A llo w s sam pling of re m o te  
a re a s  d iff ic u lt  to  re a c h  on 
ground.
3 . A ccu ra te  i f  b ird s  In open-* 
w a te r  vs loa fing  habitats  
a re  sam pled in  p ro p o rtio n  
to  th e ir  o ccu rren ce  or 
w eighted to  c o rre c t fo r  
th is  v a r ia tio n .
1. R e s tr ic te d  to  fa ir  w eath er  
w ith  low winds and good 
ligh t conditions because  
of the fa s t shutter speeds 
and lo w -le v e l fly in g  
re q u ire d .
2 . The sexes of the species  
in  question m ust be d is ­
tin c t enough in s ize  an d / 
o r co lo ra tio n  to be accu­
ra te ly  id en tified  fro m  a l l  
other w a te rfo w l in  the 
w in te rin g  population.
3. Danger r is k - -o n ly  p ilo ts  
w ith  extensive lo w -le v e l 
fly in g  experience a re  
recom m ended.
4. Specia l equipm ent and p e r ­
sonnel re q u ire d --3 5 m m  
cam era  (p re fe ra b ly  w ith  
m otor d riv e ) and e x p e r i­
enced p ilo t.
W eighted ground counts^ 1. Accounts fo r  v a r ia tio n  in  
use of open-w ater vs  
loafing  habitats by drakes  
and hens.
2 . A p p licab le  under w ide range  
of w eath er conditions.
3. Less dangerous.
4 . B in o cu lars  o r te lescope  
only sp ec ia l equipm ent 
re q u ire d .
1, Less e c o n o m ic a l-- in  te rm s  
of cost and the num ber of 
b ird s  sam pled p er unit of 
t im e .
W eighted feeding flights'^ 1. No sp ec ia l equipm ent 
re q u ire d .
1. Subject to  b iases associated  
w ith  d iffe re n tia l feeding  
ra te s  between the sexes.
2 . R e s tr ic te d  to tim es  when  
f ie ld -fe e d in g  a c tiv ity  occurs , 
often e a r ly  m orn ing  and 
evening when lig h t conditions  
a re  poor.
3. M o st expensive in  te rm s  of 
t im e  p e r b ird  sam pled .
^ F o r  best d escrip tio n  of m ethodology, see Ferguson  et a l. (1981). 
bsee M E T H O D S .
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c o m p e n s a te d  fo r '*  s in c e  ' 'th e re  s e e m s  to  be  no s a t is fa c to r y  w a y  to  
e s t im a te  th e  s e x  r a t io  o f a d u lts  . . . f r o m  th e  a n a ly s is  o f band ing  d a ta "  
(A n d e rs o n  1 9 7 5 ) . W h ile  c o m p le te ly  u n b ia sed  e s tim a te s  of sex ra t io s  
a r e  p ro b a b ly  im p o s s ib le , a c c u ra c y  can  be im p ro v e d  by:
1 . C o n d u c tin g  e s t im a te s  f r o m  1 to  4 h o u rs  a f te r  s u n r is e ,  
b e c a u s e  th is  is  w h en  m a l la r d  p o p u la tio n s  on c o n c e n tra tio n  
a re a s  a r e  h ig h e s t. T h is  w i l l  m in im iz e  an y  b ia s  a s s o c ia te d  
w ith  d i f fe r e n t ia l  f ie ld - fe e d in g  r a te s  of d ra k e  and hen m a lla r d s .
2 . S a m p lin g  m a lla r d s  in  o p e n -w a te r  and lo a fin g  h a b ita ts  in  
p ro p o r t io n  to  th e ir  o c c u rre n c e , o r  w e ig h tin g  s e p a ra te  
e s tim a te s  f r o m  ea ch  h a b ita t b y  th e  p ro p o r tio n  o f b ird s  
o c c u r r in g  in  ea ch  h a b ita t ty p e .
M u lt ip le  r e g r e s s io n  a n a ly s is  in d ic a te d  th a t th e  m a n n e r  in  
w h ic h  m a l la r d s  w e r e  d is tr ib u te d  on th e  b re e d in g  g ro u n d s  th e  p re v io u s  
s p r in g  e x p la in e d  th e  m o s t v a r ia b i l i t y  in  m a l la r d  p o p u la tio n s  w in te r in g  
in  G r a n t ,  A d a m s , and F r a n k l in  co u n tie s  d u rin g  J a n u a ry . M o re  
s p e c if ic a l ly ,  b re e d in g  p a ir  and p ro d u c tio n  In d ic e s  f r o m  s o u th w e s te rn  
A lb e r t a  w e r e  n e g a t iv e ly  c o r r e la te d  w ith  B a s in  m id -w in te r  m a lla r d  
p o p u la tio n s . P o s p a h a la  e t a l .  (1 9 7 4 ) show ed th a t m a l la r d  b re e d in g  
p o p u la tio n s  in  th e  P r a i r i e - P a r k la n d  a r e a  a r e  a d ir e c t  fu n c tio n  o f th e  
n u m b e r  o f w e t  b a s in s  in  M a y . E x t r e m e ly  lo w  b re e d in g  m a l la r d  
p o p u la tio n s  and su b seq u en t p o o r r e c r u itm e n t  in  s o u th w e s te rn  A lb e r ta  
d u r in g  th e  la te  19 50*s  and th e  e a r ly  1 9 6 0 's  (the  s a m e  t im e  p e r io d  w hen
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B a s in  m id - w in t e r  p o p u la tio n s  w e r e  in c re a s in g  and u l t im a te ly  p e a ke d  
in  1 9 6 4 ) w e r e  th e  r e s u l t  o f a  s e v e re  d ro u g h t w h ic h  s e v e r e ly  im p a c te d  
w a te r fo w l  b r e e d in g  h a b ita t  a c ro s s  s o u th e rn  C a n a d a  and th e  D a k o ta s .  
D u r in g  th is  t im e ,  c o n tin e n ta l m a l la r d  b re e d in g  p o p u la tio n s  d ro p p e d  
f r o m  1 4 .4  m i l l io n  in  19 58  to  7 .1  m i l l io n  in  1965  (P o s p a h a la  e t a l ,  1 9 7 4 ). 
P o o r  w a t e r  c o n d itio n s  on th e  p r a i r ie s  r e s u lte d  in  b ird s  w ith o u t e s ta b ­
l is h e d  t e r r i t o r i e s  c o n tin u in g  n o r th -n o r th w e s t  in to  le s s  fa v o ra b le  
b re e d in g  h a b ita ts  (B e l lr o s e  e t a l ,  1 9 6 1 , C r is s e y  1 9 6 9 , D z u b in  1 9 6 9 ), 
H a n s e n  and  M c K n ig h t (1 9 6 4 ) p ro v id e d  e v id e n c e  th a t d ro u g h t-d is p la c e d  
d u cks  m ig r a te d  f r o m  th e  p r a i r ie s  to  n o r th e r n  A lb e r t a ,  A la s k a , and  
th e  N o r th w e s t  T e r r i t o r i e s .  I  fo u n d  a  s ig n if ic a n t  in v e r s e  r e la t io n s h ip  
b e tw e e n  b re e d in g  p o p u la tio n s  in  s o u th w e s te rn  A lb e r ta  and th o se  in  
A la s k a  and  th e  Y u k o n . A  s im i la r  in v e r s e  c o r r e la t io n  b e tw e e n  b re e d in g  
p o p u la tio n s  in  th e  D a k o ta s  v e rs u s  n o r th e r n  A lb e r t a  and th e  N o r th w e s t  
T e r r i t o r i e s  w a s  n o ted  b y  P o s p a h a la  e t a l .  (1 9 7 4 ).
M u n r o  and K im b a l l  ( in  p r e s s )  d e te rm in e d  th e  te m p o r a l  
d e r iv a t io n  o f th e  W a s h in g to n  m a l la r d  h a rv e s t  f r o m  m a jo r  b re e d in g  
g ro u n d  r e f e r e n c e  a re a s  (A n d e rs o n  and H e n n y  1 9 7 2 ) a t w e e k ly  in te r v a ls  
d u r in g  th e  1 9 6 1 -1 9 7 5  h u n tin g  se aso n s  (F ig .  1 4 ). T h e  N o r th e rn  P a c i f ic  
b re e d in g  a r e a  ( in c lu d e s  A la s k a ,  B r i t is h  C o lu m b ia , and Y u k o n -w e s t  
M a c k e n z ie  m in o r  r e fe r e n c e  a r e a s )  w as  th e  B a s in 's  p r im a r y  '^ s u p p lie r" 
o f m a l la r d s  d u r in g  e a r ly  J a n u a ry , p ro v id in g  a p p r o x im a te ly  h a lf  o f a U  
b ir d s  h a rv e s te d . N e a r ly  a l l  th e  W a s h in g to n  r e c o v e r ie s  f r o m  b ird s
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F ig .  1 4 . T e m p o r a l  d e r iv a t io n  o f th e  W a s h in g to n  m a l la r d  h a rv e s t ,  
1 9 6 1 -1 9 7 5 .  B an d  r e c o v e r ie s  w e r e  w e ig h te d  to  r e f le c t  
th e  n u m b e r  o f unbanded b ird s  f r o m  e a c h  a r e a .  F ig u r e  
p r e p a r e d  f r o m  d a ta  p re s e n te d  b y  M u n ro  and  K im b a l l  (in  
p r e s s ) .
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b a n d e d  in  th is  r e g io n  w e r e  f r o m  n o r th w e s te rn  W a s h in g to n  o r  the  
C o lu m b ia  B a s in  (A n d e rs o n  an d  H e n n y  1 9 7 2 :9 7 -9 8 ) .  T h e  in d ic a te d  
im p o r ta n c e  o f N o r th e r n  P a c i f ic  b ird s  in  th e  O c to b e r  h a rv e s t  m a y  have  
b e e n  th e  r e s u l t  o f b ir d s  b an d ed  in  s o u th e rn  B r i t is h  C o lu m b ia  b e in g  
sh ot in  n o r th w e s te r n  W a s h in g to n , and p ro b a b ly  does not a p p ly  to  th e  
B a s in  w h e r e  lo c a l  du cks  w e r e  m o r e  im p o r ta n t .  T h is  e v id e n c e  
s u g g e s ts  th a t  b re e d in g  h a b ita t  c o n d itio n s  in  th e  P r a i r i e  P o th o le  R e g io n  
m a y  in d ir e c t ly  in f lu e n c e  C o lu m b ia  B a s in  m id -w in te r  m a l la r d  p o p u la ­
t io n s  b y  a l t e r in g  b re e d in g  p o p u la tio n s  in  th o se  re g io n s  s u p p ly in g  th e  
B a s in  d u r in g  e a r ly  J a n u a ry . T h is  p o s s ib i l i ty  w a s  a ls o  e x p re s s e d  b y  
B u l le r  (1 9 7 5 ) w h o  w r o te  th a t in c re a s e s  in  C o lu m b ia  B a s in  w in te r in g  
m a l la r d  p o p u la tio n s  m a y  h a v e  b e e n  " r e la te d  to  th e  d is p la c e m e n t of 
b re e d in g  b ir d s  f r o m  th e  d ro u g h t s t r ic k e n  p r a i r ie s .  "
U n e x p e c te d ly , no  s tro n g  p o s it iv e  r e la t io n s h ip s  e x is te d  
b e tw e e n  G A F  and  b re e d in g  p o p u la tio n  in d ic e s  f r o m  a n y  N o r th e rn  
P a c i f ic  m in o r  r e fe r e n c e  a r e a s .  In  fa c t ,  b re e d in g  p o p u la tio n s  in  
A la s k a  e n te re d  in to  th e  p r e d ic t iv e  e q u a tio n  as a  n e g a tiv e  fa c to r .  
P o s s ib le  re a s o n s  a r e  th a t  la r g e  p o rt io n s  o f th is  v a s t  b re e d in g  a r e a  
a r e  n o t s u rv e y e d , b u t a r e  a s s ig n e d  c o n s ta n t m a l la r d  p o p u la tio n  v a lu e s ;  
a e r ia l  s u rv e y s  a r e  s u b je c t to  m u lt ip le  s o u rc e s  of e r r o r  (D ie m  and L u  
1 9 6 0 , M a r t in s o n  and  K a c z y n s k i 1 9 6 7 ) and b re e d in g  p o p u la tio n  s iz e  is  
n o t a  " p e r fe c t"  p r e d ic to r  o f th e  s iz e  o f an  a r e a 's  f a l l  f l ig h t  (P o s p a h a la  
e t a l .  1 9 7 4 ); and  b a n d ed  s a m p le s  in  th e  N o r th e r n  P a c i f ic  re g io n  a r e
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r e la t i v e ly  s m a l l  and p o o r ly  d is t r ib u te d , so  r e la t io n s h ip s  b e tw e e n  
s p e c if ic  b re e d in g  and w in te r in g  a re a s  a r e  n o t w e l l  u n d e rs to o d .
T h e  n u m b e r  o f d ays  in  e a r ly  J a n u a ry  w ith  ^  2 .5  cm  of snow  
c o v e r  e x p la in e d  th e  m o s t v a r ia t io n  in  m id - w in t e r  B a s in  m a l la r d  
n u m b e rs  a f t e r  th e  d is t r ib u t io n  o f m a l la r d s  on th e  b re e d in g  g ro u n d s  
and F ly w a y  p o p u la tio n  s iz e  w e r e  ac co u n te d  f o r .  T h is  su gg ests  th a t  
re d u c e d  fo o d  a v a i la b i l i t y  as  in flu e n c e d  b y  snow  c o v e r  m a y  be th e  m o s t  
im p o r ta n t  fa c to r  c a u s in g  e m ig r a t io n  f r o m  th e  B a s in  p r io r  to  th e  m id ­
w in te r  s u r v e y .  S im i la r ly ,  M a d s e n  (1 9 6 4 ) , M o ila n e n  (1 9 7 1 ), Sugden  
e t a l .  (1 9 7 4 ) , an d  B e l l r o s e  (1 9 7 6 ) a l l  im p lic a te d  snow  c o v e r  as th e  
p r im a r y  fa c to r  c a u s in g  m a l la r d s  to  e m ig r a te  f r o m  o th e rw is e  s u ita b le  
w in te r in g  a r e a s .
T h e  p e r s is te n t  p o s it iv e  c o r r e la t io n  o f N o v e m b e r  te m p e r a tu re s  
w ith  G A F  and R G A F  m a y  b e  a  r e s u l t  o f w a r m e r  te m p e r a tu re s  d e la y in g  
th e  m ig r a t io n  o f m a l la r d s  f r o m  C a n a d a  and A la s k a . H o c h b a u m  (1 9 5 5 )  
an d  L o w  (1 9 5 7 ) found  th a t m i ld  w e a th e r  d e la y e d  th e  f a l l  m ig r a t io n  o f 
du cks  f r o m  th e  C a n a d ia n  p r a i r i e s .  N o v e m b e r  te m p e r a tu re s  w e r e  
m o r e  s t ro n g ly  c o r r e la te d  w ith  R G A F  th an  G A F , in d ic a tin g  th a t f a l l  
te m p e r a tu r e s  m a y  h a v e  a  g r e a t e r  in flu e n c e  on th e  r e la t iv e  d is tr ib u t io n  
o f m a l la r d s  w ith in  th e  F ly w a y  th a n  on th e  a c tu a l s iz e  o f th e  B a s in 's  
m id - w in t e r  m a l la r d  p o p u la tio n . D e la y in g  th e  t im e  a t  w h ic h  b ird s  
a r r i v e  in  th e  B a s in  c o u ld  r e s u l t  in  a  la r g e r  p ro p o r t io n  o f th e  F ly w a y  
m a l la r d  p o p u la tio n  r e m a in in g  in  J a n u a ry .
83
W h ile  th e  e q u a tio n s  p re s e n te d  to  p r e d ic t  G A F  and R G A F  
e x p la in  o n ly  7 9  and  88%  o f t h e ir  r e s p e c t iv e  v a r ia b i l i t y ,  th e y  do a llo w  
p r e d ic t io n s  r e g a r d in g  th e  s iz e  o f th e  e a r ly  J a n u a ry  B a s in  m a l la r d  
p o p u la tio n  to  b e  m a d e  a p p r o x im a te ly  1 m o n th  p r io r  to  th e  m id -w in te r  
a e r i a l  s u rv e y .
M y  r e s u lts  s u g g es t th a t th e  p o te n t ia l s iz e  o f th e  C o lu m b ia  
B a s in  m id - w in t e r  m a l la r d  p o p u la tio n  is  p r i m a r i l y  a  fu n c tio n  o f w a te r  
c o n d itio n s  in  th e  P r a i r i e - P a r k la n d  a r e a ,  w h ic h  in  tu rn  in flu e n c e s  th e  
g e o g ra p h ic  d is t r ib u t io n  o f b re e d in g  m a l la r d s .  T h e  e ffe c t o f f a l l  and  
w in te r  w e a th e r  c o n d itio n s  on  m ig r a t io n  r a te s  and fo od  a v a i la b i l i t y  
u l t im a te ly  d e te r m in e  th e  a c tu a l p o p u la tio n  r e m a in in g  in  e a r ly  J a n u a ry .  
H ig h e s t B a s in  m id - w in t e r  p o p u la tio n s  can  b e  e x p e c te d  d u r in g  y e a rs  o f 
p o o r  w a t e r  c o n d itio n s  on th e  p r a i r ie s  and su b se q u en t m i ld ,  open  
w in te r s  in  th e  B a s in .
T h e  fa c to r s  a p p a r e n t ly  r e s p o n s ib le  f o r  th e  p o s t-1 9 6 4  d e c lin e  
in  B a s in  m id - w in t e r  m a l la r d  p o p u la tio n s  a r e  la r g e ly  beyon d  h u m an  
c o n tr o l .  T h e r e f o r e ,  th is  d e c lin e  s h o u ld  not b e  v ie w e d  as a  m a n a g e ­
m e n t  f a i lu r e .
C H A P T E R  VI
M A N A G E M E N T  A N D  R E S E A R C H  
R E C O M M E N D A T IO N S
1 , W h e n e v e r  p o s s ib le , a e r ia l  c e n su s e s  o f w in te r in g  m a l la r d s  sh ou ld  
b e  c o n d u c te d  f r o m  1 to  4 h o u rs  a f t e r  s u n r is e  to  in c re a s e  th e  
a c c u r a c y  and p r e c is io n  o f r e s u l t s .  A n y  e s t im a te s  of se x  r a t io s  
sh o u ld  a ls o  b e  m a d e  d u r in g  th is  t im e  p e r io d  to  m in im iz e  an y  b ia s  
a s s o c ia te d  w ith  d i f f e r e n t ia l  r a te s  o f f ie ld - fe e d in g  b y  d ra k e s  and  
h e n s .
2 , A  s u b s ta n t ia l in c r e a s e  in  b a n d in g  e f fo r t  and m o r e  a c c u ra te  d a ta  on  
b r e e d in g  p o p u la tio n s  a r e  n e e d e d  f o r  co m p o n en ts  o f th e  N o r th e rn  
P a c i f ic  r e g io n  so  th a t th e  re la t io n s h ip s  b e tw e e n  w in te r in g  m a l la r d  
p o p u la tio n s  in  th e  C o lu m b ia  B a s in  and b re e d in g  p o p u la tio n s  f r o m  
th e s e  a r e a s  can b e  m o r e  f u l ly  u n d e rs to o d ,
3 , D e ta i le d  s tu d ie s  on th e  im p a c ts  o f n u t r i t io n a l ly  in a d e q u a te  c o rn  
d ie ts  on w in te r in g  m a l la r d s  a r e  re c o m m e n d e d . O n lan d s  p la n te d  
e s p e c ia l ly  f o r  w a te r fo w l ,  m a n a g e rs  sh ou ld  c o n s id e r  so w in g  
s u p p le m e n ta l fo o d  c ro p s  th a t  a r e  m o r e  n u t r i t io n a l ly  c o m p le te  th an  
c o rn . A  p la n t  s p e c ie s  th a t p ro d u c e s  p a la ta b le ,  h ig h  p ro te in  seeds
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an d  c o u ld  b e  g ro w n  as  a n  " u n d e rs to r y "  to  c o rn  w o u ld  b e  p a r t ic u ­
l a r l y  v a lu a b le .
4 . C a t t le  g r a z in g  in  c o rn  s tu b b le  m a y  p ro v id e  m a n a g e rs  w ith  a to o l  
to  in c r e a s e  th e  a v a i la b i l i t y  o f fo o d  f o r  m a l la r d s  d u rin g  l im ite d  
p e r io d s  o f s e v e r e  w e a th e r .
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B e l l r o s e ,  F .  C . 1 9 4 4 . D u c k  p o p u la tio n s  and k i l l .  I l l in o is  N a t. H is t .  
S u rv e y  B u l l .  2 3 :3 2 7 -3 7 2 ,
__________ . 1 9 7 6 . D u c k s , g e e s e , and sw ans o f N o r th  A m e r ic a .
S ta c k p o le  B o o k s , H a r r is b u r g ,  P a . 54 4p p .
  ̂ an d  A , S. H a w k in s . 1 9 4 7 . D u c k  w e ig h ts  in  I l l in o is .  A u k
6 4 : 4 2 2 - 4 3 0 .
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T . G . S c o tt, A .  S. H a w k in s , and J . B , L o w . 1 9 6 1 . Sex
r a t io s  and  ag e  r a t io s  in  N o r th  A m e r ic a n  d u ck s . I l l in o is  N a t.
H is t .  S u rv e y  B u l l .  2 7 :3 9 1 -4 7 4 .
B e n n e tt , J . W . , and E . G . B o le n . 1 9 7 8 , S tre s s  re s p o n s e  o f w in te r in g  
g r e e n -w in g e d  te a l .  J . W i ld l .  M a n a g e . 4 2 ( l ) : 8 1 - 8 6 .
B o s s e n m a ie r ,  E .  F . , and W . H . M a r s h a l l ,  1 9 5 8 . F ie ld - fe e d in g  b y  
w a t e r fo w l  in  s o u th w e s te rn  M a n ito b a . W i ld l .  M o n o g r . 1 . 32pp.
B u l le r ,  R .  J . 1 9 7 5 . R e d is t r ib u t io n  of w a te r fo w l,  in flu e n c e  of w a te r ,  
p r o te c t io n , and  fe e d . P a g e s  1 4 3 -1 5 4  m  1 s t In te r n a t io n a l W a t e r ­
fo w l S y m p o s iu m , S t. L o u is , M is s o u r i ,  F e b . 4 - 6 .
C a ld e r ,  W . A ,  I I I .  1 9 7 4 . C o n s eq u en ce s  o f b o d y  s iz e  fo r  a v ia n
e n e r g e t ic s . P a g e s  8 6 -1 5 1  in  A v ia n  E n e r g e t ic s ,  R .  A . P a y n te r ,  
J r . ,  e d . , N u t ta l l  O r n it h o l .  C lu b  P u b l. 15 .
C a m p b e ll ,  L .  H . 1 9 7 7 . L o c a l v a r ia t io n s  in  th e  p ro p o r t io n  of a d u lt  
m a le s  in  f lo c k s  o f g o ld e n e y e  w in te r in g  in  th e  F i r t h  o f F o r th .  
W ild fo w l 2 8 :7 7 -8 0 .
C a r n e y , S. M .  1 9 6 4 . P r e l im in a r y  ke y s  to  w a te r fo w l age and sex
id e n t if ic a t io n  b y  m e a n s  o f w in g  p lu m a g e . U . S. F is h  W ild l .  S e r v . , 
S p ec . S c i. R e p . W i ld l .  8 2 . 4 7 p p .
C h a m b e r la in ,  J . L .  195 9. G u lf  c o a s t m a r s h  v e g e ta tio n  as food  of 
w in te r in g  w a te r fo w l .  J . W i ld l .  M a n a g e . 2 3 :9 7 -1 0 2 .
C o n o v e r , W . J . 1 9 8 0 . P r a c t ic a l  n o n p a r a m e tr ic  s ta t is t ic s .  John  
W ile y  &  S ons, I n c . , N e w  Y o r k .  4 9 3p p .
C r is s e y ,  W . F .  1 9 6 9 . P r a i r i e  p o th o le s  f r o m  a  c o n tin e n ta l v ie w p o in t .  
P a g e s  1 6 1 -1 7 1  m  S as k a to o n  W e tla n d s  S e m in a r , C a n . W i ld l .
S e rv . R e p . S e r . 6 .
D a u b e n m ir e , R .  1 9 7 0 . S tep pe v e g e ta t io n  o f W a s h in g to n . W a s h in g to n  
A g r ic .  E x p . S ta . B u l l .  6 2 . 13 1p p .
D ie m , K .  L . , an d  K . H . L u . 1 9 6 0 . F a c to r s  in f lu e n c in g  w a te r fo w l  
c e n s u s e s  in  th e  p a rk la n d s , A lb e r t a ,  C a n a d a . J . W i ld l .  M a n a g e . 
2 4 :1 1 3 -1 3 3 .
D i l lo n ,  O . W . , J r .  1 9 5 9 . F o o d  h a b its  o f w i ld  m a l la r d  ducks in  th r e e  
L o u is ia n a  p a r is h e s .  T r a n s .  N o r th  A m . W i ld l .  C o n f. 2 4 :3 7 4 -3 8 2 .
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D w y e r ,  T .  J .  1 9 7 2 , A n  a d ju s ta b le  r a d io  ̂ p ackag e  f o r  d u cks . B i r d -  
B a n d in g  4 3 :2 8 2  -2 8 3 .
D z u b in , A .  1 9 6 9 . C o m m e n ts  on c a r r y in g  c a p a c ity  o f s m a l l  ponds  
f o r  d u cks  and p o s s ib le  e ffe c ts  o f d e n s ity  on m a l la r d  p ro d u c tio n . 
P a g e s  1 3 8 -1 6 0  m  S aska to o n  w e tla n d s  s e m in a r .  C a n . W i ld l .
S e r v . ,  R e p . S e r . 6 .
F e rg u s o n , E .  L . , D , G . J o rd e , and J . L .  S ea s e . 1 9 8 1 . U se  o f 3 5 m m  
c o lo r  a e r i a l  p h o to g ra p h y  to  a c q u ire  m a l la r d  sex  r a t io  d a ta , 
P h o to g r a m m e tr ic  E n g in e e r in g  and  R e m o te  S ensing  4 7 :8 2 3 -8 2 7 .
F o lk ,  C . , K . H u d e c , and J . T o u fa r .  1 9 6 6 . T h e  w e ig h t o f th e
m a l la r d .  A n a s  p la ty rh y n c h o s  and its  ch ang es in  th e  c o u rs e  o f th e  
y e a r .  Z o o l.  L is t y .  1 5 :2 4 9 -2 6 0 .
G a lb r e a th , D . S. 1 9 6 2 . W a te r fo w l in c re a s e  in  C o lu m b ia  B a s in  of 
c e n t r a l  W a s h in g to n . W a s h . G a m e  B u l l .  1 4 :6 -7 .
G i r a r d ,  G . Lr, 1 9 4 1 . T h e  m a l la r d :  its  m a n a g e m e n t in  w e s te rn  
M o n ta n a . J . W i ld l .  M a n a g e . 5:2  3 3 -2 5 9 .
G re e n w o o d , R .  J . , and W . C . B a i r .  1 9 7 4 . Ic e  on w a te r fo w l m a r k e r s .
W i ld l .  S oc. B u l l .  2 :1 3 0 -1 3 4 .
H a n s e n , H . A . ,  and  D . E .  M c K n ig h t. 1 9 6 4 . E m ig r a t io n  of d ro u g h t-  
d is p la c e d  ducks to  th e  a r c t ic .  T r a n s . N o r th  A m . W i ld l .  C o n f. 
2 9 :1 1 9 -1 2 7 .
H a r t ,  J .  S . ,  and M . B e r g e r .  1 9 7 2 . E n e r g e t ic s , w a te r  e c o n o m y and  
t e m p e r a tu r e  r e g u la t io n  d u r in g  f l ig h t .  P r o c .  In t .  O r n ith o l.  C ong. 
1 5 :1 8 9 -1 9 9 .
H e n n y , C . J . , D , R . A n d e rs o n , and R . S. P o s p a h a la , 1 9 7 2 . A e r ia l  
s u rv e y s  o f w a te r fo w l p ro d u c tio n  in  N o r th  A m e r ic a ,  1 9 5 5 -7 1 .
U .S .  F is h  and W i ld l .  S e r v . , S pec . S c i. R e p , W i ld l ,  1 6 0 . 48pp .
H o c h b a u m , H . A . 1 9 5 5 . T r a v e ls  and t r a d it io n s  o f w a te r fo w l.  U n iv .  
o f M in n e s o ta  P r e s s ,  M in n e a p o lis , M in n e s o ta . 301pp .
J o rd a n , J . S. 1 9 5 3 a . C o n s u m p tio n  o f c e r e a l  g ra in s  b y  m ig r a to r y  
w a te r fo w l .  J . W i ld l .  M a n a g e . 1 7 :1 2 0 -1 2 3 ,
1 9 5 3 b . E f fe c ts  o f s ta r v a t io n  on w i ld  m a l la r d s .  J . W i ld l .
M a n a g e . 1 7 :3 0 4 -3 1 1 .
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J o rd e , D . G . 1 9 8 1 . W in te r  and  s p r in g  s ta g in g  e c o lo g y  o f m a l la r d s  
in  s o u th  c e n t r a l  N e b ra s k a , M .  S. T h e s is ,  U n iv . o f N o r th  D a k o ta , 
G ra n d  F o r k s .  11 6p p .
J u n c a , H . A . ,  E .  A .  E p p s , and  L .  L .  G la s g o w , 1 9 6 2 , A  q u a n tita t iv e  
s tu d y  o f th e  n u tr ie n t  c o n te n t o f fo o d  re m o v e d  f r o m  the c ro p s  of 
w ild  m a l la r d s  in  L o u is ia n a . T r a n s , N o r th  A m . W i ld l .  C o n f. 27 : 
1 1 4 -1 2 1 .
K in g , J .  R .  1 9 7 4 . S e a s o n a l a llo c a t io n  o f t im e  and e n e rg y  re s o u rc e s  
in  b i r d s .  P a g e s  4 - 7 0  in  A v ia n  E n e r g e t ic s , R .  A . P a y n te r ,  J r . ,  
e d . , N u tt  a l l  O r n ith o l .  C lu b  P u b l. 1 5 .
K ra p u , G . L .  1 9 8 1 , T h e  r o le  o f n u tr ie n t  r e s e r v e s  in  m a l la r d
r e p r o d u c t io n . A u k  98:2  9 -3 8 .
__________  ̂ and  G . A , S w an son . 1 9 7 5 . S om e n u tr i t io n a l  as p ec ts  o f
r e p r o d u c t io n  in  p r a i r i e  n e s tin g  p in ta i ls ,  J* W ild l .  M a n a g e . 39: 
1 5 6 -1 6 2 .
L a b is k y ,  R . F . , and  W . L .  A n d e rs o n . 1 9 7 3 . N u t r i t io n a l  re s p o n s e s  
o f p h e a s a n ts  to  c o rn , w ith  s p e c ia l r e fe r e n c e  to  h ig h - ly s in e  c o rn .  
I l l in o is  N a t .  H is t .  S u rv . B u l l .  3 1 :8 6 -1 1 2 .
L a u c k h a r t ,  J . B . 1 9 6 1 . W a te r fo w l p o p u la tio n  ch an g es . P ro c ,  A nn u . 
C o n f. W e s t . A s s o c . S ta te  G a m e  and F is h  C o m m . 4 0 :1 5 7 -1 6 0 .
__________ p C . E .  K e b b e , E .  B iz e a u , and J . E . C h a tt in , 1 9 6 1 . R e p o r t
o f P a c i f ic  F ly w a y  T e c h n ic a l S u b c o m m itte e  on m a lla r d s  -  -P a c i f ic  
N o r th w e s t . 2 9pp. (M im e o g r .  )
L o w , S . H . 1 9 5 7 . W a te r fo w l b a n d in g  in  th e  C a n a d ia n  P r a i r i e
P r o v in c e s . U .S .  F is h  and  W i ld l .  S e r v . , S pec. S c i. R e p , W ild l .  
3 6 . 30p p .
M a r t in ,  A .  C . ,  and W . D . B a r k le y .  1 9 6 1 . Seed id e n t if ic a t io n  
m a n u a l. U n iv . C a l i f o r n ia  P r e s s ,  B e r k e le y .  221p p .
M a r t in s o n ,  R .  K . , and  C , F ,  K a c z y n s k i.  1 9 6 7 . F a c to r s  in flu e n c in g  
w a t e r fo w l co un ts  on a e r ia l  s u rv e y s , 1 9 6 1 -1 9 6 6 . U .S .  F is h  W ild l .  
S e r v . ,  S p e c , S c i. R e p . W i ld l .  1 0 5 . 78 p p .
M c M a h a n , C . A .  1 9 7 0 . F o o d  h a b its  o f du cks  w in te r in g  on L a g u n a  
M a d r e ,  T e x a s , J . W i ld l .  M a n a g e . 3 4 :9 4 6 -9 4 9 .
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M e r r i t t ,  R ,  W . , and  K . W , C u m m in s . 1 9 7 8 , A n  In tro d u c tio n  to  th e
a q u a t ic  in s e c ts  o f N o r th  A m e r ic a .  K e n d a ll /H u n t  P u b lis h in g  C o . 
4 4 1 p p .
M i l l e r ,  M ,  R .  1 9 7 5 , G u t m o rp h o lo g y  o f m a l la r d s  in  r e la t io n  to  d ie t  
q u a li ty ,  J . W i ld l ,  M a n a g e . 3 9 :1 6 8 -1 7 3 ,
M i ln e ,  H , 1 9 7 6 , B o d y  w e ig h ts  and c a rc a s s  c o m p o s itio n  of th e  
c o m m o n  e id e r .  W ild fo w l 2 7 :1 1 5 -1 2 2 .
M o ila n e n , P . 1 9 7 1 , O n th e  m a l la r d s  (A n as  p la ty rh y n c h o s ) w in te r in g  
in  n a tu r a l  c o n d itio n s  in  s o u th e rn  H a m e , S o u th e rn  F in la n d , S uom en  
R i is t a  2 3 :2 3 -3 8 .  ( In  F in n is h ;  E n g lis h  s u m m a ry )
M o r r is o n ,  F .  B . 1 9 3 6 , F e e d s  and fe e d in g : a  handbook fo r  th e
s tu d e n t and  s to c k m a n , 2 0 th  ed . v i+ 1 0 5 0 p p .
M u n r o , R .  E , , and  C , F .  K im b a l l ,  1 9 8 2 , P o p u la t io n  e c o lo g y  of th e  
m a lla r d ;  V I I ,  D is t r ib u t io n  and d e r iv a t io n  o f th e  h a rv e s t . U .S .  
F is h  W i ld l .  S e r v , , R e s o u r ,  P u b l. ( in  p r e s s ) .
N a t io n a l  R e s e a r c h  C o u n c il,  1 9 7 7 , N u tr ie n t  r e q u ire m e n ts  o f d o m e s tic  
a n im a ls ,  n o , 1 , N u t r ie n t  r e q u ire m e n ts  o f p o u lt ry .  N a t io n a l  
A c a d . S c i , , W a s h in g to n , D . C . 62pp .
N ic h o ls , J . D , , and G , M .  H a r a m is .  1 9 8 0 . S e x -s p e c if ic  d if fe re n c e s  
in  w in te r  d is t r ib u t io n  p a tte rn s  o f c a n v a s b a c k s . C o n d o r 8 2 :4 0 6 -  
4 1 6 ,
N ie ,  N .  H , , C , H . H u l l ,  J , G . J e n k in s , K . S te in b re n n e r , and D , H , 
B e n t. 1 9 7 5 . S ta t is t ic a l  p a c k a g e  fo r  th e  s o c ia l s c ie n c e s , 2nd . 
ed . M c G r a w - H i l l  B o o k  C o m p a n y , N e w  Y o r k .  675pp ,
N ils s o n , L .  1 9 7 0 , D i f f ic u l t ie s  in  e s t im a t in g  th e  t r u e  s ex  r a t io  of 
d u cks  f r o m  w in te r -c o u n ts .  F in n is h  G a m e  R e s e a rc h  3 0 :8 6 -8 8 .
__________ . 1 9 7 6 . S ex  r a t io s  o f S w e d ish  m a l la r d s  d u rin g  the  n o n ­
b re e d in g  s e a s o n . W ild fo w l 2 7 :9 1 -9 4 ,
O ln e y , P .  J , S, 1 9 6 4 , T h e  food  o f m a l la r d  A n a s  p la ty rh y n c h o s
p la ty r  h yn ch o s  c o lle c te d  f r o m  c o a s ta l and e s tu a r in e  a r e a s , P r o c .  
Z o o l.  S oc. L o n d o n  1 4 2 :3 9 7 -4 1 8 .
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O w e n , M . , an d  W . A .  C o o k e . 1 9 7 7 . V a r ia t io n s  in  bo dy  w e ig h t , w in g  
le n g th  and  c o n d itio n  o f m a l la r d  (A n a s  p la ty rh y n c h o s  p la ty rh y n c h o s ) 
and  t h e i r  r e la t io n s h ip  to  e n v iro n m e n ta l c h a n g e s . J . Z o o l . ,
L o n d o n  1 8 3 :3 7 7 -3 9 5 ,
P e n n a k , R .  W . 1 9 7 8 . F r e s h - w a t e r  in v e r te b ra te s  o f th e  U n ite d  
S ta te s . W i le y  & s o n s . N e w  Y o r k .  8 0 3p p .
P e t r id e s ,  G . A .  1 9 4 4 . Sex r a t io s  in  d u ck s . A u k  6 1 :5 6 4 -5 7 1 .
P o s p a h a la , R .  S . ,  D . R .  A n d e rs o n , and C . J . H e n n y . 1 9 7 4 . P o p u la ­
t io n  e c o lo g y  of th e  m a l la r d :  I I .  B re e d in g  h a b ita t  c o n d itio n s ,
s iz e  o f th e  b re e d in g  p o p u la tio n s , and p ro d u c tio n  in d ic e s . U .S .  
F is h  W i ld l .  S e r v . , R e s o u r . P u b l. 1 1 5 . 73pp .
P r a n g e , H . D . , and  K . S c h m id t -N ie ls  en . 1 9 7 0 . T h e  m e ta b o lic  co st 
o f s w im m in g  in  d u c k s . J , E x p . B io l .  5 3 :7 6 3 -7 7 7 .
P r in c e ,  H . H . 1 9 7 9 . B io e n e rg e t ic s  o f p o s tb re e d in g  d a b b lin g  d u cks . 
P a g e s  1 0 3 -1 1 7  in  W a te r fo w l and w e t la n d s - -a n  in te g ra te d  r e v ie w ,  
T .  A , B o o k h o u t, e d . , P r o c .  1977  S y m p ., M a d is o n , W is c o n s in ,  
N o r th  C e n t r a l  S e c t . , T h e  W i ld l i f e  S o c ie ty .
R e e d , L .  W . 1 9 7 1 . U s e  o f w e s te r n  L a k e  E r i e  b y  m ig r a to r y  and
w in te r in g  w a te r fo w l .  M .S .  T h e s is ,  M ic h ig a n  S ta te  U n iv . 71pp .
R e g e n , L .  E .  1 9 8 0 . P o p u la t io n  d y n a m ic s  and band  r e c o v e r y  d i s t r i ­
b u tio n s  o f w in te r in g  m a l la r d s  (A n a s  p la ty rh y n c h o s ) in  th e  C o lu m b ia  
B a s in , W a s h in g to n . M .S .  T h e s is ,  W a s h in g to n  S ta te  U n iv . , 
P u llm a n . 67 p p .
R o m m e l,  G . M . , and  E . B . V e d d e r .  1 9 1 5 . B e r i - b e r i  and c o tto n ­
s e e d  p o is o n in g  in  p ig s . U .S .  D e p t. A g r .  J . , A g r .  R e s . 5: 
4 8 9 -4 9 3 .
R y d e r ,  J , P . 1 9 7 0 . A  p o s s ib le  fa c to r  in  the  e v o lu tio n  o f c lu tc h  s iz e  
in  R o s s * g o o s e . W ils o n  B u l l .  8 2 :5 -1 3 .
S c o tt, M .  L ,  1 9 7 3 . N u t r i t io n  in  R e p r o d u c t io n - -d ir e c t  e ffe c ts  and  
p r e d ic t iv e  fu n c tio n s . P a g e s  4 6 -6 9  m  S y m p o s iu m  on b re e d in g  
b e h a v io r  and  r e p r o d u c t iv e  p h y s io lo g y  in  b i r d s ,  D . S . E a r n e r ,  e d . , 
N a t .  A c a d . S c i , , W a s h in g to n , D . C .
S ib b a ld , I .  R .  1 9 7 9 . B io a v a i la b le  a m in o  a c id s  and t r u e  m e ta b o l iz ­
a b le  e n e rg y  o f c e r e a l  g r a in s .  P o u l t r y  S c i. 5 8 :9 3 4 -9 3 9 .
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S o re n s o n , M .  F . ,  S. M .  C a r n e y , and  E ,  M .  M a r t in ,  1 9 8 1 . A g e  and  
8 ex  c o m p o s it io n  o f du cks  and  g e e s e  h a rv e s te d  in  th e  1980  h u n tin g  
s e a s o n  in  c o m p a r is o n  w ith  p r io r  y e a r s ,  U , S. F is h  W ild l .  S e r v . , 
A d m in . R e p . ,  J u ly  1 0 , 1 9 8 1 , 40 p p .
S to u d t, J . H . 1 9 4 4 . F o o d  p r e fe r e n c e s  o f m a lla r d s  on th e  C h ip p e w a  
N a t io n a l F o r e s t ,  M in n e s o ta , J , W i ld l .  M a n a g e . 8 :1 0 0 -1 1 2 .
S tr e e t ,  M .  1 9 7 7 . S e a s o n a l ch ang es in  th e  d ie t ,  b o d y  w e ig h t, and
c o n d itio n  o f f le d g e d  m a l la r d  (A n a s  p la ty rh y n c h o s  p la ty rh y n c h o s ) in  
e a s te rn  E n g la n d . In t .  C o n g r . G a m e  B io l .  12 .
S ugden , L ,  G . 1 9 7 1 . M e ta b o liz a b le  e n e rg y  o f s m a l l  g ra in s  fo r
m a l la r d s .  J . W i ld l .  M a n a g e . 3 5 :7 8 1 -7 8 5 .
__________ . 1 9 7 9 . G r a in  c o n s u m p tio n  b y  m a l la r d s .  W i ld l .  Soc. B u ll .
7 : 3 5 -3 9 .
. , and  E . A . D r i v e r .  1 9 8 0 . N a tu r a l  foods o f m a lla rd s  in
S a s k a tc h e w a n  p a rk la n d s  d u r in g  la te  s u m m e r  and f a l l ,  J , W i ld l .  
M a n a g e . 4 4 :7 0 5 -7 0 9 .
 , and H , J ,  P o s to n , 1 9 6 8 . A  n a s a l m a r k e r  fo r  d u cks .
J , W i ld l .  M a n a g e . 3 2 :9 8 4 -9 8 6 .
W . J . T h u r lo w , R . D , H a r r i s ,  and K , V e r m e e r .  1 9 7 4 ,
In v e s t ig a t io n s  o f m a l la r d s  o v e r w in te r in g  a t C a lg a r y ,  A lb e r ta ,  
C a n . F ie ld  N a tu r ,  8 8 :3 0 3 -3 1 1 ,
S w an so n , G . A , ,  and  J , C . B a r  ton e k . 1 9 7 0 , B ia s  a s s o c ia te d  w ith  
fo od  a n a ly s is  in  g iz z a r d s  o f b lu e -w in g e d  te a l .  J . W i ld l .  M a n ag e , 
3 4 :7 3 9 -7 4 6 .
__________ , G . L i .  K ra p u , J .  C . B a r to n e k , J , R .  S e r ie ,  and D . H .
Jo h n so n . 1 9 7 4 . A d v a n ta g e s  in  m a th e m a t ic a l ly  w e ig h tin g  
w a te r fo w l  fo od  h a b its  d a ta . J . W i ld l .  M a n a g e . 3 8 :3 0 2 -3 0 7 .
T a m is ie r ,  A .  1 9 7 6 . D iu r n a l  a c t iv i t ie s  o f g re e n -w in g e d  te a l  and  
p in t a i l  w in te r in g  in  L o u is ia n a . W ild fo w l 2 7 :1 9 -3 2 .
U .S .  F is h  and  W i ld l i f e  S e r v ic e . 1 9 8 1 , S a n d h ill c ra n e s . P ag e s  15 
35 in  T h e  P la t t e  R iv e r  E c o lo g y  S tudy, S pec. R e s . R e p , , 
N o r th e r n  P r a i r i e  W i ld l i f e  R e s e a r c h  C e n te r ,  J a m e s to w n , N o r th  
D a k o ta .
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U .S .  G e o lo g ic a l S u rv e y . 1 9 7 3 . T h e  c h a n n e le d  s c a b la n d s  o f e a s te rn  
W a s h in g to n . U . S. G o v t. P r in t in g  O f f ic e , W a s h in g to n , D . C , 24pp.
W in n e r ,  R .  W . 1 9 6 0 . F a l l  and w in te r  m o v e m e n ts  of b la c k  and  
m a l la r d  d u c k s . J . W i ld l .  M a n a g e . 2 4 :3 3 2 -3 3 5 .
W o o le y , J . B . , and R .  B . O w e n , J r .  1 9 7 8 . E n e rg y  co s ts  o f a c t iv i ty  
and  d a i ly  e n e rg y  e x p e n d itu re  in  th e  b la c k  du ck . J . W i ld l ,  M a n a g e . 
4 2 :7 3 9 -7 4 5 .
W r ig h t ,  T .  W . 1 9 6 0 . W e ig h ts  o f m a l la r d s  in  A rk a n s a s . P r o c .
S o u th e a s t. A s s o c . G a m e  F is h  C o m m . 1 4 :1 4 -1 7 .
Y o c o m , C . F .  1 9 5 1 . W a te r fo w l and t h e ir  food  p la n ts  in  W a s h in g to n .
U n iv . o f W a s h in g to n  P r e s s ,  S e a t t le . 27 2 p p .
Z a r ,  J . H . 1 9 6 9 . T h e  use o f th e  a l lo m e t r ic  m o d e l fo r  a v ia n  s ta n d a rd  
m e ta b o lis m  -  -b o d y  w e ig h t r e la t io n s h ip s .  C o m p . B io c h e m .
P h y s io l .  2 9 : 2 2 7 - 2 3 4 .
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Table A-1, Seasonal food habits of Columbia Basin mallards during the fall-winter of 1978-79.
14-15 Oct 15 Nov-15 Dec 16 Dec-20 Jan
% occurrence % volume % occurrence % volume % occurrence % volume
Food item rfcf n t/cf 99 99 cfcT 99 (fd 99 cfd 99
GRAINS 
Field corn 15,4 0 4.9 0 100.0 100.0 99.9 99.9 100.0 100.0 97.0 90.3
Sweet com 0 10.0 0 3.5 0 0 0 0 0 0 0 0
Wheat 53.8 70.0 60.8 57.6 0 0 0 0 0 13.6 0 8.8










Car ex spp. 
(Sedge) 0 0 0 0 8.3 0
Distichlis spp, 
(Salt grass) 0 0 0 0 0 0
Eleocharis spp. 
(Spike rush) 15.4 0 0 0 0 0 . . .
Leers ia. spp. 
(Rice cutgrass) 0 0 0 0 0 0
Phalaris spp. 
(Canary grass) 0 0 0 0 0 4.5 . . . . . .
Polvconum spp. 
(Smar tweed) 30.8 20.0 0 0 5.6 0 . . .
Potomaeeton spp, 
(Pondweed) 23.1 20.0 0 0 0 0 . . .
Rumex spp. 
(Dock) 15,4 20.0 0 0 0 0
Scirpus spp. 
(Bulrush) 15.4 20.0 0 0 13.9 9.1
Zanichellia spp. 
(Horned pondweed) 0 0 0 0 0 0 . . . . . .
Table A-1 (continued).
14-15 Oct 15 Nov-15 Dec 16 Dec-20 Jan
% occurrence % volume % occurrence % volume % occurrence % volume
Food item ?? cf<f Î? dd 99 dd ?9 dd 99
ÎRASS and WEED SEEDS
Amaranthus son. 
(Pigweed, tumbleweed) 0 20.0 0 0 0 0
Anoconvm son. 
(Dogbane) 7.7 0 0 0 0 0
Bassia s p d .
0 0 0 0 0 0
Bromus spp. 
(Brome grass) 0 0 0 0 0 0
CastlUeia spp. 
(Indian paintbrush) 0 0 0 0 0 0
Chenopodium spp. 
(Goosefoot) 7.7 0 0 0 2.8 4.5
Cirsium spp. 
(Thistle) 15.4 0 0 0 0 0
Convolvulus 8pp. 
(Field bindweed) 0 0 0 0 0 0
Echinochloa spp.
(Barnyard grass, wild millet) 46.2 20.0 8.6 0.7 0 10.0 0 0.03 0 0 0 0
Eleagnus spp.
(Oleaster, Russian olive) 0 0 0 0 •*« . . . 2.8 0 * * * ■ * a
Erigeron spp. 
(Daisy fleabane) 0 0 0 0 ... .. . 0 0 • • • • • •
Hordeum spp. 
(Foxtail barley) 0 0 0 0 a . ■ # # e 2.8 0
Lactuca spp. 
(Wild lettuce) 0 0 0 0 ... . . . 5.6 0 e■• **m
Lepidium spp. 
(Pepperweed) 0 0 0 0 0 0 . . .  . . .
Meliotus spp. 
(Sweet clover) 0 0 0 0 . . .  . . . 2.8 0 . . . . . .
Panicum spp. 
(Panic grass) 0 10.0 . . .  . . . 0 0 . . m ■ • ■ 0 0 » • « p « •
Polvpoeon spp, 




% occurrence % volume
15 Nov-15 Dec 
% occurrence % volume




GRASS and WEED SEEDS (continued)
Rosa spp.
(Wild rose) 0 0
Salsola spp.
(Russian thistle) 0 0
Setaria spp.







T r if oleum spp.
(Clover) 0 0
Unidentified Graminae 0 0

































































14-15 Oct 15 Nov-15 Dec
occurrence % volume % occurrence % volume
9? 99 cfrf 99 rfcf 99
16 Dec-20 Jan
occurrence % volume


























































































Table A-2. Seasonal food habits of Columbia Basin mallards during the fall-winter of 1979-80.
13-14 Oct 15 Nov-15 Dec 16 Dec-20 Jan
% occurrence % volume % occurrence % volume occurrence % volume
Food item 99 rfcf 99 cfd* 99 <f<f 99 <ftf 99
GRAINS 
Field corn 33.3 40.0 73.5 53.1 88.4 65.2 97.2 99.2 88.9 92.1 93.0 93.9
Sweet com 4.8 0 10.7 0 0 0 0 0 0 0 0 0
Wheat 4,8 0 0.1 0 0 0 0 0 1.9 0 0.3 0




(Beggarticks, sticktight) 0 0
86.6 53.1 









Car ex son. 
(Sedge) 4.8 20.0 tr  0.02 11.6 4.4 tr tr 3.7 5.3 0.01 tr
Distichlis spp. 
(Salt grass) 0 0 0 0 0 8.7 0 tr 0 2.6 0 tr
Eleocharis spp. 
(Spike rush) 9.5 30.0 0.01 0.01 4.7 8.7 0.08 tr 7.4 10.5 tr tr
Leers ia spp. 
(Rice cutgrass) 4.8 10.0 tr  tr 4.7 13.0 0.02 0.06 1.9 2.6 tr tr
Phalaris spp. 
(Canary grass) 0 0 0 0 0 0 0 0 1.9 0 tr 0
Polvffonum spp. 
(Smartweed) 33.3 50.0 2.05 4.88 9.3 13.0 0.80 0.31 9.3 7.9 tr tr
Potomageton spp. 
(Pondweed) 9.5 20.0 0.01 0.01 7.0 4.4 0.01 tr 1.9 7.9 tr tr
Rumex spp. 
(Dock) 0 40.0 0 0.02 2.3 4.4 tr 0.02 7.4 5.3 0.01 tr
Scirpus spp. 
(Bulrush) 33.3 60.0 0.16 0.67 9.3 8.7 0.19 0.01 9.3 13.2 0.01 0.0:
Zanichellia spp. 
(Horned pondweed) 4.8 10.0 0.01 tr 0 0 0 0 0 5.3 0 tr
(Oto
Table A-2 (continued)
13-14 Oct 15 Nov-15 Dec
% occurrence % volume % occurrence % volume
16 Dec-20 Jan 
% occurrence % volume
Food item <f<f <f<f (f(f (f<f 9? 99 Cf(f 99
rRASS and WEED SEEDS
Amaranthus son. 
(Pigweed, tumbleweed) 0 0 0 0 16.3 21.7 tr 0.01 20.4 26.3 0.01 0.01
Anoconvm son. 
(Dogbane) 4.8 0 0.01 0 0 0 0 0 0 0 0 0
Bassia s d d .
4.8 10.0 tr tr 4.7 4.4 tr tr 1.9 0 tr 0
Bromus s o d . 
(Brome grass) 4.8 0 tr 0 2.3 0 0.01 0 0 2.6 0 tr
Castilleia s o d . 
(Indian paintbrush) 4.8 0 0.01 0 0 0 0 0 0 0 0 0
Chenopodium spp 
(Goosefoot) 14.3 10.0 0.01 tr 25.6 34.8 0.01 0.01 33.3 34.2 0.02 0.01
Cirsium spp. 
(Thistle) 4.8 10.0 0.03 0.01 2.3 0 0.01 0 1.9 2.6 tr tr
Convolvulus spp. 
(Field bindweed) 0 0 0 0 0 0 0 0 1.9 0 tr 0
Echinochloa spp.
(Barnyard grass, wild millet) 28.6 50.0 10.4 37.3 23.3 21.7 0.40 0.23 18.5 21.1 0.01 0.01
Eleagnus spp.
(Oleaster, Russian olive) 0 10.0 0 0.24 0 0 0 0 0 0 0 0
Erigeron spp. 
(Daisy fleabane) 4.8 0 tr 0 0 0 0 0 0 0 0 0
Hordeum spp, 
(Foxtail barley) 9.5 10.0 0.01 0.01 2.3 0 tr 0 5.6 5.3 0.01 tr
Lactuca spp. 
(Wild lettuce) 4.8 0 0.02 0 4.7 8.7 tr 0.01 3.7 2.6 ■ tr tr
Lepidium spp. 
(Pepperweed) 0 0 0 0 0 0 0 0 1.9 0 tr 0
Meliotus spp. 
(Sweet clover) 0 0 0 0 0 0 0 0 0 0 0 0
Panicum spp. 
(Panic grass) 0 20.0 0 0.01 2.3 4.4 tr tr 0 2.6 0 tr
PolvPoeon spp. 
(Rabbitfoot grass) 9.5 10.0 0.13 0.03 0 0 0 0 0 0 0 0
oo
Table A-2 (continued).
13-14 Oct 15 Nov-15 Dec 16 Dec-20 Jan
% occurrence % volume % occurrence % volume % occurrence % volume
Food item (ftf 9? 99 cfrf 99 99 rfcf 99 99
GRASS and WEED SEEDS (continued)
Rosa spp.
(Wild rose) 9.5 0 tr 0 0 4.4 0 tr 1.9 5.3 tr tr
Salsola SOP. 
(Russian thistle) 0 0 0 0 2.3 4.4 tr tr 0 2.6 0 tr
Setaria spp. 
(Foxtail grass) 0 40.0 0 1.63 7.0 4.4 0.02 tr 1.9 0 0.01 0
Silene spp. 
(Catchfly) 4.8 0 0.01 0 0 0 0 0 0 0 0 0
Sisymbrium spp. 
(Mustard) 0 0 0 0 2.3 0 tr 0 0 0 0 0
Solanum s p p . 
(Nightshade) 4.8 0 tr 0 2.3 13.0 tr tr 0 2.6 0 tr
Tr if oleum spp, 
(Clover) 4.8 0 tr 0 0 0 0 0 0 0 0 0
Unidentified Graminae 0 0 0 0 2.3 0 tr 0 0 0 0 0
Unidentified Seed 4.8 30,0 tr 0.03 2.3 8.7 tr tr 5.6 5.3 tr tr
AQUATIC VEGETATION
Lemna s p p .
(Duckweed) 38.1 60.0 0.03 0.55 11.1 8.7 0.01 tr 1.9 10.5 tr 0.05
Potomageton spp. 





Chironomidae 19.1 20.0 0.10 0.03 15.6 0 0.01 0 3.7 10.5 tr 0.06
Muscidae 4.8 10,0 tr 0.01 0 0 0 0 0 0 0 0
Stratiomyidae 0 10.0 0 0.01 0 4.4 0 tr 0 5.3 0 tr
Syrphidae 4.8 40.0 0.01 0.20 0 0 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0
Table A-2 (continued).
Food Item
13-14 Oct 15 Nov-15 Dec 16 Dec-20 Jan
% occurrence % volume % occurrence % volume % occurrence % volume


































Hydropsychidae 0 0 0 0 2.2 0 0.01 0
Llmnephilidae 0 10.0 0 0.29 4.4 0 0.44 0


















0 10.0 0 0.11 0 0 0 0 0 0 0 0
28.6 30.0 0.02 0.29 11.1 4.4 0.24 tr 5.6 5.3 0.01 0.03
0 0 0 0 2.2 0 tr 0 0 0 0 0
0 10.0 0 0.01 0 0 0 0 1.9 0 0.01 0












9.5 0 0.01 0 2.2 0 tr 0 0 0 0 0
4.8 10.0 tr 0.04 2.2 0 tr 0 0 2.6 0 tr
4.8 10.0 0.03 tr 0 0 0 0 0 2.6 0 tr
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T^le_B-U__LandMtfeJran^ through 5 major upland feeding areaa, October to January 1979-60.

















Chopped for silage 
Chopped (disked) 































SEEDED TO WINTER 
WHEAT OR OTHER 
COVER CROP
34.4 2.7 0 8.3 1.6 0.7 5.9 0.6 0 10.9 0.8 0 11.5 1.9 0
8.3 5.9 7.6 3.5 7.6 5.9 8.6 9.7 10.3 4.7 14.2 13.1 8.7 9.8 9.7
0 17.6 15.6 0.5 4.8 5.6 0 2.0 1.9 0 0.7 1.4 0 8.5 10.5
0 0 0 6.4 5.3 4.7 1.2 1.3 1.3 0.4 0.3 0 0 0 0
0 0 0 0.2 0.2 1.4 0.3 0 0 0 0 0.2 0 0 0
2.6 2.7 3.8 1.4 1.4 2.0 5.4 2.9 2.0 3.8 3.2 1.5 5.7 5.1 4.3
0 0 0 0.3 0 0 0 0 0 0 0 0.9 0 0 0
2.6 7.0 4.3 4.2 3.9 2.0 7.6 4.6 4.1 1.9 2.4 1.6 4.2 3.0 4.9
0 0 0 0.3 0.4 0.2 0.5 0 0 1.3 0.2 0.4 2.2 2.1 0
9.6 16.4 14.9 21.9 19.9 33.8 30.7 12.8 10.9
0.5 . . . 5.6 6.4 5.3 6.7 1.5 1.2 ■ 4 • 1.5 0.2
0 8.6 0.4 4,1 1.3 0.2 4.6 5.0 0.6 7.0 5.7 0 3.8 * « •
. . . 0 . . . 1.4 1.5 . . . 0 0.1 . . . 0.2 0.9 . . . 2.2 2.6
1.1 2.2 0.6 4.4 2.2 3.8 1.6 6.2 2.2
0 . . . 0.4 0 . . . 0 0 . . . 0.8 0 . . . 0.9 0 . . .
0 1.2 1.4 1.3 1.4 . . . 0.6 0 1.1 1.3 1 ■ S
0 . . . 0 0 . . . 0.3 0 . . . 0 0 . . . 0 0
0 . . . 1.1 0.8 . . . 3.9 3.7 . . . 1.5 1.0 . . . 2.2 2.1
4.3 . . . 0.2 0.3 . . . 0 0 . . . 2.1 1.9 . . . 0 0 . . .
0 0.3 0.5 1.2 1.4 9.6 9.8 1.1 1.1
0 1.0 1.4 2.3 2.0 0.4 0.2 0.9 0.9
2.6 . . . 0.4 0 0 0 0 0 0 0 • 4»
■ so 2.7 . . . 2.7 1.8 . . . 0 0 . . . 0 0 0 0 . . .
0 3.8 2.5 0.3 0 1.5 0 4.6 3.6 4 • *
0 2.3 0 0 0 1.1 0 5.3 1.3 4 4»
0 0.5 0 *■ * 0 0 . . . 0 0 * .4 0 0 . . .
. . . 18.2 . . . 11.4 12.5 10.8 6.7 . . . 6.5 5.5 • * - 4.9 4.9 . . .
















Disked Stubble  
Plowed7 0  -







12 O ct 20 Nov 4 Jan
DATE
F ig .  B - 1 .  P o s t -h a r v e s t  s ta tu s  o f c o rn f ie ld s  in  G ra n t , A d a m s , and  
F r a n k l in  c o u n tie s , 12 O c to b e r - 4  J a n u a ry , 1 9 7 9 -8 0 .
1 0 0 -
Ungrazed
Grazed










4 0  -
3 0  -
2 0  -
1 0  -
6 Feb4 Jan2 0  Nov12 Oct
DATE
F ig .  B - 2 ,  G ra z in g  s ta tu s  of co rn  s tubb le  in  G ra n t, A d a m s , and F ra n k lin  
c o u n tie s , 12 O c to b e r -5  F e b r u a r y , 1 9 7 9 -8 0 ,
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D E F IN IT IO N  O F  V A R IA B L E S
W IN T E R IN G  P O P U L A T IO N S
O A F  = s iz e  o f th e  m id -w in te r  (e a r ly  J a n u a ry ) m a lla r d  po p u la tio n  
in  G ra n t , A d a m s , and F r a n k l in  c o u n tie s , W ash in g to n ,
R G A F  = p ro p o r t io n  o f th e  to ta l  4 -s ta te  (W ash in g to n , O re g o n , 
Id a h o , and C a l i f o r n ia )  m id -w in te r  m a l la r d  p o p u la tio n  
p re s e n t in  G ra n t , A d a m s , and F r a n k l in  c o u n ties , 
W a s h in g to n ,
N O V G A F  = m a l la r d  p o p u la tio n  in  G ra n t, A d a m s , and F r a n k lin  
c o u n tie s  d u r in g  th e  N o v e m b e r  a e r ia l  s u rv e y .
D E C G A F  = m a l la r d  p o p u la tio n  in  G ra n t , A d a m s , and F r a n k lin  
co u n tie s  d u r in g  th e  D e c e m b e r  a e r ia l  s u rv e y ,
T O T A L  = s iz e  o f th e  to ta l  4 -s ta te  m id -w in te r  m a lla r d  p o p u la tio n .
T B A S IN  = s iz e  o f th e  m id -w in te r  m a l la r d  p o p u la tio n  in  the
C o lu m b ia  B a s in  (W as h in g to n  and O re g o n  co m b in e d ).
R T B A S IN  = p ro p o r t io n  o f th e  to ta l  4 -s ta te  m id -w in te r  m a lla rd  
p o p u la tio n  p re s e n t in  th e  C o lu m b ia  B a s in .
R E S  T W A  = s iz e  o f th e  m id -w in te r  m a l la r d  p o p u la tio n  in  those
p o rt io n s  o f W a s h in g to n  o u ts id e  th e  C o lu m b ia  B a s in .
R R E S T W A  = p ro p o r t io n  o f th e  to ta l  4 -s ta te  m id -w in te r  m a lla r d  
p o p u la tio n  p re s e n t in  th o se  p o rtio n s  of W ash ing ton  
o u ts id e  th e  C o lu m b ia  B a s in .
R E S T O R  = s iz e  o f th e  m id -w in te r  m a l la r d  p o p u la tio n  in  those  
p o rt io n s  o f O re g o n  o u ts id e  th e  C o lu m b ia  B a s in .
R R E S T O R  = p ro p o r t io n  o f th e  to ta l  4 -s ta te  m id -w in te r  m a lla r d  
p o p u la tio n  in  th o s e  p o rt io n s  o f O re g o n  ou ts ide  th e  
C o lu m b ia  B a s in ,
ID A H O  = s iz e  o f th e  m id -w in te r  m a l la r d  p o p u la tio n  in  Idaho  
(s ta te w id e ),
R ID A H O  = p ro p o r t io n  o f th e  to ta l  4 -s ta te  m id -w in te r  m a l la r d  
p o p u la tio n  in  Id a h o .
C A L  = s iz e  o f th e  m id -w in te r  m a l la r d  p o p u la tio n  in  C a li fo r n ia  
(s ta te w id e ) ,
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RCAL» = p ro p o r t io n  o f th e  to ta l  4 -s ta te  m id -w in te r  m a lla rd  
p o p u la tio n  in  C a l i f o r n ia .
C E R E A L , G R A IN S
C O R N  = to ta l  ha o f f ie ld  c o rn  p la n ted  on C o lu m b ia  B as in
I r r ig a t io n  P r o je c t  lan ds  the  p re v io u s  g ro w in g  season .
W H E A T  = to ta l  ha o f w h e a t p la n te d  on C o lu m b ia  B a s in  Ir r ig a t io n  
P r o je c t  la n d s  th e  p re v io u s  g ro w in g  season .
B A R L E Y  = to ta l  ha o f b a r le y  p la n te d  on C o lu m b ia  B a s in  Ir r ig a t io n  
P r o je c t  lan d s  th e  p re v io u s  g ro w in g  season.
O A T S  = to ta l  ha o f oa ts  p la n te d  on C o lu m b ia  B a s in  Ir r ig a t io n  
P r o je c t  la n d s  th e  p re v io u s  g ro w in g  season .
B R E E D IN G  G R O U N D  IN D IC E S
B R D P O P l l  = m a l la r d  b re e d in g  p o p u la tio n  in d ex  f ro m  m in o r  r e fe re n c e  
a r e a  11 (A la s k a )  th e  p re v io u s  M a y .
B R D P O P 1 2  = m a l la r d  b re e d in g  p o p u la tio n  in d e x  f r o m  m in o r  re fe re n c e  
a r e a  12 (Y u k o n -w e s t  M a c k e n z ie )  th e  p re v io u s  M a y ,
B R D P O P 2 1  = m a l la r d  b re e d in g  p o p u la tio n  in d ex  f ro m  m in o r  re fe re n c e  
a r e a  21 (c e n t ra l M a c K e n z ie )  th e  p re v io u s  M a y .
B R D P O P 2 2  = m a l la r d  b re e d in g  p o p u la tio n  in d ex  f r o m  m in o r  re fe re n c e  
a r e a  22 (n o rth e a s t B r i t is h  C o lu m b ia -n o rth w e s t A lb e r ta )  
th e  p re v io u s  M a y .
B R D P O P 3 1  = m a l la r d  b re e d in g  p o p u la tio n  in d ex  f r o m  m in o r  re fe re n c e  
a r e a  31 (s o u th w e st A lb e r ta )  th e  p re v io u s  M a y .
B R O O D 2 1  = to ta l  b ro o d  in d e x  f r o m  m in o r  re fe re n c e  a re a  21 (c e n tra l  
M a c k e n z ie )  th e  p re v io u s  J u ly .
B R O O D 2 2  = to ta l  b ro o d  in d e x  f r o m  m in o r  re fe re n c e  a re a  22 (n o r th ­
e a s t B r i t is h  C o lu m b ia -n o r th w e s t A lb e r ta )  th e  p re v io u s  
J u ly .
B R O O D 31 = to ta l  b ro o d  in d e x  f r o m  m in o r  r e fe re n c e  a re a  31 (s o u th ­
w e s t A lb e r t a )  th e  p re v io u s  J u ly .
L N E S T 3 1  = m a l la r d  la te -n e s t in g  in d ex  f r o m  m in o r  r e fe re n c e  a re a  
31 (s o u th w e s t A lb e r ta )  th e  p re v io u s  J u ly .
110
W E A T H E R  V A R IA B L E S  ( a l l  w e a th e r  v a r ia b le s  re c o rd e d  a t L in d ,
W a s h in g to n )
H IH N O V l  = a v e r a g e  h ig h  d a i ly  te m p e r a tu r e  fo r  th e  m o n th  of 
N o v e m b e r .
L O W N O V l = a v e r a g e  lo w  d a i ly  te m p e r a tu r e  fo r  th e  m o n th  of 
N o v e m b e r ,
M E D N O V l  = a v e r a g e  m e d ia n  d a i ly  te m p e r a tu r e  f o r  th e  m o n th  of 
N o v e m b e r .
P R E N O V l  = to ta l  m o n th ly  p r e c ip ita t io n  fo r  N o v e m b e r
D A Y N O V I  = n u m b e r  o f d a ys  w ith  ^  2 .5  c m  of snow  c o v e r  d u rin g  
N o v e m b e r .
D IN N O V l  = c u m u la t iv e  " d a y - in c h e s "  o f snow c o v e r  d u rin g  N o v e m b e r .
H lH D E C l  = a v e r a g e  h ig h  d a i ly  te m p e r a tu re  fo r  the m o n th  of 
D e c e m b e r .
L O W D E C  1 = a v e ra g e  lo w  d a i ly  te m p e r a tu r e  f o r  th e  m o n th  of 
D e c e m b e r .
M E D D E C I  = a v e r a g e  m e d ia n  d a i ly  te m p e r a tu re  fo r  th e  m o n th  of 
D e c e m b e r .
P R E D E C l  = t o ta l  m o n th ly  p r e c ip ita t io n  fo r  D e c e m b e r .
D A Y D E C l  = n u m b e r  o f d ays  w ith  ^  2 .5  c m  of snow  c o v e r  d u rin g  
D e c e m b e r .
D IN D E C l  = c u m u la t iv e  " d a y - in c h e s ” o f snow  c o v e r  d u rin g  D e c e m b e r .
J A N H 1 H 4  = a v e r a g e  h ig h  d a i ly  te m p e r a tu r e  b e tw e e n  1 and 15 J a n u a ry .
J A N L O W 4  = a v e r a g e  lo w  d a i ly  te m p e r a tu r e  b e tw e e n  1 and 15 J a n u a ry .
J A N M E D 4  = a v e r a g e  m e d ia n  d a i ly  te m p e r a tu re  b e tw e e n  1 and 15 
J a n u a ry .
J A N P R E 4  = to ta l  p r e c ip ita t io n  b e tw e e n  1 and 15 J a n u a ry .
J A N D A Y 4  = n u m b e r  o f d ays  w ith  > 2 . 5  c m  of snow  c o v e r  b e tw ee n  
1 and  15 J a n u a ry .
J A N D IN 4  = c u m u la t iv e  " d a y - in c h e s "  o f snow  c o v e r  b e tw e e n  1 and  
15 J a n u a ry .












I .Ol 'CC  ( ?R)
f ^7)  
F = i:,üCù
C . Î 0 6 S  
< 1j)
F sC .1 54
0 *0 719  
( Ç) 
r = û . 4 2 7
0 * 4 6 6 5  
( : ? )  OsC.0 07
C.6977  
( 24 )
F - ' J # C O Û
C.C.175 
f ?4)  
PsOtCOI
-C .2 C 1b  
( 27 )
P=C'#15ù









( 2 7 )F zy * * k*
0*5ü 25  ( 12) 
F=0.C2S
0 . 5 6 1 7
( n  
P * 0 . 0 7 4




( 2 4 )
F-f l .OOl
0 .6<j ? I 
( 21) 
P=0.Ü00





* 0 . 1 7 5
NOVGAF
0*3 0 6 5  
( 13 )
P = 0 . 1 54





0 * 74 0 7 
( 9 )
P=0 .0 11
0*6 021  
( 12) 
P * C . 0 1 9
0•4 ô2 2 
( 9 )
P = 0 . 1 0 5
- ü . 2 7 0 £  
( 9 )
F=0*24C
- 0 * 4 3 6 6  
( 12) 
P=').û7Â





P =0 .0 39
0 * 1 6 2 9  
( 9 )
P * 0 * 3 3 9
DfcCJAf
0 . 0 7 1 9  
( 9 )
P *0 *4 2 7
0 , 5 6 1 7  ( b)
F — C * 074




0 * 0044  
( A)
F=0*49û
0*6 0 5 3  
( 5)
F = 0 . 1 3 8
0*4 574  
( 5 )
F=C*219
- 0 , 4 0 9 9  
( 3)
FsC*157
- 0 * 4 0 9 9  
f 8 )
P * 0 * 1 5 7
-C *0 19ô  
( 5 )r=n*438
TOTAL
0 * 4 6 6 5  
( 27 )
P=0*007
0 *2 0 3 7  
( 27 )
P=0*154
0 *6021  
( 12) 
P=0* 019





0 . 7 0 1 3  
( 25 )
P =0 ,0 00
0*2 035  
( 25 )
P * 0 , 1 6 5
- 0 * 1 2 0 7  
( 2 8 )  
P * 0 , 2 7 0
- 0 * 1 2 0 7  
( 28 )  
P=0*270




0*69  77 
( 2 4 )
PsO.OOO
0 *5 826  
( 24 )
P - 0 , 0 0 1
0 * 4 6 2 2  
( 9 )
P=0*105
0 *6 0 8 3  
( 5 )
F = 0 , 1 3 8





0 *8 2 8 4  
( 25 )
P=G *000
- 0 * 4 1 2 0  
( 2 5 )
P=0*020
- 0 * 4 1 2 0  
( 25 )
P - 0 .0 2 Ü
0 .0 2 3 2  
( 2 5 )
P=0* 456
RTBASIN
0*6 1 7 5  
( 2 4 )
P=0*001
0 *6871  
( 2 4 )
PsO.OCO
- 0 * 2 7 0 8  
< 9 )
P=0*240
0 . 4 5 7 4  
( 5 )
P»0*2 19
0* 2035  
( 2 5 )
P=0 *165
0 *8 2 8 4  
( 25 )
P = 0 . 0 0 0
1*0000 
( 25 )PxtfMKPM
- 0 * 1 8 8 2  
( 2 5 )
P=0*1 84
- 0 * 1 8 8 2  
( 2 5 )
P= 0 . 1 8 4







- 0 . 1 8 7 1  
( 27 )
P * 0 * 1 7 5
- 0 * 4 3 6 6  
( 12) 
P»0*0 78
- 0 * 4 0 9 9  
( 8) 
p s 0 *1 5 7
- 0 * 1 2 0 7  
( 2 8 )  
P=0*270
- 0 * 4 1 2 0  
( 25 )
P * 0 * 0 2 0
- 0  *188 2  
( 25)
P = 0 , 1 8 4
1*0000 
( 28 )  p9«««SV
1*0000 
C 2 8 )  
P = 0 . 0




- 0 * 2 0 1 8  
( 2 7 )
P»0 * 1 5 6
- 0 * 1 8 7 1  
( 2 7 )
P * 0 , 1 7 5
- 0 * 4 3 6 6  
( 12) 
PxO.078
- 0 * 4 0 9 9  
( 8) 
P » 0*1 57
- 0 * 1 2 0 7  
( 2 8 )  
P = 0 * 2 7 0
- 0 * 4 1 2 0  
( 2 5 )
P = 0 *0 2 0
-C .,||2
P « 0 * 1 8 4
1*0000 
( 2 8 )  
P=0*0
1*0000 
< 2 8 )
- 0 * 1 7 2 7  
( .  2 5 )  
P= 0 *2 0 4
RESTOR
- 0 * 3 8 1 1  
C 2 4 )  
P = 0 * 0 3 3
- 0 * 4 7 7 1  
(  2 4 )
P = 0 * 0 0 9
0 * 1 6 2 9  
{ 9 )
P « 0 * 3 3 8
- 0 * 0 1 9 6  
(  5)
P » 0 * 4 8 8
0 *2 0 4 8  
( 2 5 )
P= 0 *1 6 3
0 * 0 2 3 2  
( 2 5 )
P » 0 * 4 5 6
- 0 * 1 7 3 8  
( 25 )
P * 0 * 1 9 6
- 0 * 1 7 2 7  
( 25 )
P » 0*2 04
- 0 * 1 7 2 7  
( 2 5 )
P * 0 * 2 0 4
1*0000 
i  25)
(COFFFICIFNT /  (CASER) l SIGNIFICANCE) (A VALUE OF 9 9 * 0 0 0 0  IS PRINTED I F  A COEFFICIENT CANNOT BE COMPUTED)
















F *C ,0 C 3
Ps0f076
- 0 , 2 4 4 4  
( 27 )
F * 0 , 1 1 0
“ 0 . 6 2 0 4  
( 2 7 )
P= 0 , 0 0 0
0 . 0 2 4 7  
( 27 )
P=0.451
- 0 . 0 5 5 3  
( 2 7 )
F = 0 , 2 9 2
0 . 3 5 1 4  
( 27 )
P * 0 . 0 3 6
0 , 4 6 5 1  
( 27 )
P « 0 . 0 0 7
- 0 . 2 6 0 1  
( 25 )
P * 0 . 1 0 5
RGAF
- 0 . 4 7 7 1  
( 24 )
P-(V.009
0 ,3 191  
( 27 )
P=0 . 0 5 2
0 . 2 7 1 2  
( 2 7 )
P = 0 , 0 8 6
—0.4450 
( 27 )
P * 0 . 0 1 0
- 0 . 6 5 9 1  
( 2 7 )
P - 0 . 0 0 Û
0 . 0 3 2 2  
( 26)  
P = 0 . 4 3 8
0 . 1 8 4 2  
( 2 6 )  
P - 0 . 1 8 4
0 . 3 6 8 3  
( 26 )  
psO.025
0 . 3 0 4 0  
( 2 6 )  
P * 0 . 0 6 6
- 0 . 2 0 4 3  
< 2 4 )
P » 0 . 1 6 9
NOVGAF
0 . 1 6 2 9  
( 9 )
PsO.338
0 . 6 3 3 3  
( 12) 
P=Q,014
0 . 3 5 6 6  
( 12) 
P * 0 . 1 2 8
0 . 4 0 8 4  
( , 12) 
P = 0 . 0 9 4
- 0 . 0 5 0 0  
( 12) 
PaO.439
0 . 3 9 6 2  
( 13 )
P = 0 , 0 9 6
- 0 . 1 1 5 6  
( 13 )
PsO.353
0 .2 1 8 1  
( 13)
PsO.237
0 . 3 5 6 7  
( 13 )
P * 0 . 1 1 6
- 0 . 0 3 8 5  
( 13 )
P * 0 . 3 8 7
DECGAF
- 0 . 0 1 9 6  
( 5)
P =0 ,4 88
0.0110 
( 8)
P =0 .4 90
0 ,0 1 3 5  ( 8)
F = 0 . 4 8 7
- 0 . 0 5 5 2  ( 8)
F = 0 , 4 4 8
- 0 . 0 7 2 1  
( 8)
F * 0 . 4 3 3
0 .2 0 7 3  
( 9 )
r » C . 2 9 6
0 . 2 0 4 3  ( 5)
P * 0 . 2 9 9
0 . 3 4 0 0  
( 9 )
P » 0 .1 8 5
0 . 2 3 2 7  
( 9 )
P * 0 . 2 7 3
- 0 . 1 2 6 2  
( 9 )
F » 0 . 3 7 3
t ot al
U.2G48  
( 2 5 )
P * 0 . 1 6 3
0 . 7 2 9 5
p-o.!oo
0 . 1 0 1 9  
( 28 )  
P = 0 . 3 0 3
9 . 4 7 8 5  
( 2 8 )  
PsO.005
- 0 . 2 8 5 7  
( 28 )  
PsO.070
0 . 1 3 2 6  
( 27 )
P»0 .2 5 5
- 0 . 3 9 3 5  




P « 0 .4 6 7
0 . 5 0 7 4  
( 2 7 )
FsO.003




0 . 0 2 3 2  
( 25 )
P =0. 4 5 6
0 . 4 2 0 0  
( 25 )
P - C . 0 1 8
0 . 0 1 4 3  
( 2 5 )
P =0 .4 73
- 0 . 2 0 2 7  
( 25 )
P - 0 . 1 6 6
- 0 . 7 6 5 9  
< 25)
PsQ.OCO
0 .2 2 7 0  
( 24 )
P * 0 . U 3
- 0 . 0 1 9 8  
( 2 4 )
P - 0 . 4 6 3
0 . 4 6 2 7  
( 24 )
F * 0 . 0 1 1
0 . 7 1 1 2  
( 24 )
P«0 .0C0
- 0 . 1 4 3 2  
( 21) 
r * 0 . 2 6 8
RTdASiN
- 0 . 1 7 8 8  
( 2 5 )
PsO.196
0 .0 2 7 4  
( 2 5 )
f = 0 . 4 4 8
- 0 . 0 9 0 7  
( 25 )
P » 0 . 3 3 3
- 0 . 6 2 4 6  
< 25)
P=0 .0 00
- 0 . 8 5 3 0  
{  ̂ 2 5 )  
P=0 .0 00
0 . 0 1 1 7  
( 2 4 )
P=0,47@
P=0.06S
0 . 4 5 6 7  
( 2 4 )
P=0 .0 12
0 . 4 9 2 3  
{ 24)
P = 0 . 0 0 7
- 0 . 1 3 1 6  
( 21) 
P * 0 . 2 8 5
PESTWA
- 0 . 1 7 2 7  
( 2 5 )
P = 0 . 2 0 4
- 0 . 3 2 1 4  
( 28 )  
P =0 *0 48
- 0 . 3 7 4 5  
( 2 8 )  
P » 0 . 0 2 5
- 0 . 1 4 5 1
( 2 8 )  
P =0 .2 31
- 0 . 0 6 8 3  
( 28 )  
P * 0 . 3 6 5
0 . 1 7 5 6  
( 2 7 )
P = 0 . 1 9 0
0 . 5 0 9 6  
( 27 )
F - 0 . 0 0 3
- 0 . 0 7 1 8  
( 2 7 )
P =0 .3 61
- 0 . 2 5 9 4  
( 27 )
P = 0 . 0 9 6
0 . 0 2 7 1  
( 24 )
P = 0 . 4 5 0
RRESTWA RESTOR
- 0 . 1 7 2 7 1 , 0 0 0 0
( 2 5 ) ( 2 5 )
P = 0 . ? 0 4 P = 0 . 0
- 0 . 3 7 1 4 “ 0 . 0 1 4 9
( 2 8 ) ( 2 5 )
P = 0 . 0 4 8 P = 0 . 4 7 2
- 0 .3 74  5 - 0 . 1 9 0 7
( 28 ) ( 2 5 )
P= 0 . 0 2 5 P = 0 . 1 8 1
- 0 . 1 4 5 1 0 . 1 5 2 2
( 2 8 ) ( 25 )
FsO.231 P = 0 , 2 3 4
- 0  *068 3 0 . 0 4 8 6
( 2 8 ) < 2 5 )
P = 0 . 3 6 5 P = 0 . 4 0 9
0 . 1 7 5 6 0 . 1 1 0 4
C 2 7 ) ( 2 4 )
P = 0 . 1 9 0 P = 0 . 3 0 4
0 . 5 0 9 6 - 0 . 4 0 8 6
< 2 7 ) ( 24 )
P * 0 . 0 0 3 P « 0 . 0 2 4
- 0 . 0 7 1 8 0 . 2 0 7 6
( 2 7 ) ( 2 4 )
P=0 .3 61 P = 0 . 1 6 5
- 0 . 2 5 9 4 0 . 2 8 7 9
( 2 7 ) ( 2 4 )
P = 0 . 0 9 6 P = 0 . 0 8 6
0 . 0 2 7 1 0 , 1 7 0 1
( 24) ( 2 1 )
P = 0 . 4 5 0 P * 0 . 2 3 1
(COEFFICIENT /  (CASES) /  S IGNIFICANCE) (A VALUE OF 9 9 . 0 0 0 0  IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)












0 , 2 1 4 3  
( Zb) 
P»0,1S2
- O i U V f c  
{ 25)
F * 0 , 2 3 S
-C #1244  
( 25 )
P * Û , 2 7 7
“0 , 4  316 
f 25 )  
PsO.016
- 0 , 4 2 5 3  
( 6) 
P * 0 , 1 4 7
0 , 0 3 7 4  
( 11) 
P * 0 , 4 5 7
- 0 , 3 0 9 7  
( 25 )
psO, Û66
- 0 , 3 3 2 3  
( 2 5 )
P =0 ,0 52
0 , 3 9 2 0
P=0,^20
0 , 5 3 3 0  
( ?B)





- 0 , 2 o92 
( 24 )
P»0 ,1 02
- 0 , 1 9 2 6
< 24)  
P - 0 , 1 3 4
- 0 , 6 U 3 S  
( 2 4 )
P - 0 , 0 0 1
- 0 , 1 9 7 2  
( 8) 
P =0 ,3 20
0,2201
< 10) 
P * 0 , 2 6 2
- 0 , 4 4 3 7  
( 2 4 )
P =0 . û1 5
- 0 , 1 9 3 2  
( 24 )
P * 0 , 1 8 3
0 , 3 5 6 3  
( 27 )
P * 0 , 0 3 4




- 0 , 0 4 0 7  
( 13)
P=0,4 4S
0 , 0 6 3 4  
( 13)
P = 0 , 4 1 9
P - 0 , 0 5 8
0 . 0 1 1 4  
( 13)
P = 0 , 4 3 5
- 0 , 4 6 5 4  
( 7 )
P - 0 , 146
0 , 1 6 5 9  
( „ 11) 
P = 0 , 3 1 3
0 , 4 2 4 9  
( 13)
P = 0 , 0 7 4
- 0 * 3 7 3 5  
( 13)
P = 0 , 1 0 4
- 0 , 2 7 6 0  
( 13)
P * 0 . 1 8 1
- 0 , 0 3 4 4  
( 13 )
P * 0 , 3 9 2
DECGAF
- C , 2 3 3 6  
( 9 )
P=0 , 230
- 0 , 2 4 4  4 
( 9 )
P= 0 i 263
0 , 6 5 7 2  
( 9 )
F = 0 ,0 2 7
” 0 , 2 8 7 6  
( 9 )
P=0 ,2 26
- 0 , 5 6 3 8  
( 5 )
P»0 ,161
0 , 6 7 7 5  
( 7 )
P - 0 , 047
0 , 6 7 0 3  
( 9 )
P - 0 , 024
- 0 , 4 5 1 7  
( 9 )
P * 0 , 1 1 1
- 0 , 4 3 6 2  
( 9 )
P » 0 ,1 2 0
- 0 , 2 8 6 5  
( 9 )
P= 0 , 2 2 6
TOTAL
0 , 2 4 0 0  
( 24 )
P = 0 , 1 2 9
0 ,2 5 8 4  
( 24 )
P=0,111
0 , 3 0 7 9  
( 24 )
P=0,072
0 , 3 0 1 3  
( 24)
P = 0 . 0 7 6
- 0 , 3 0 3 6  ( 8) 
P - 0 , 232
- 0 , 1 7 4 6  
( 10) 
P * 0 , 3 1 5
0 , 3 2 7 9  
( 24 )
F * 0 , 0 5 9
• 0 , 4 1 8 0
P * 0 , 0 2 1
P * 0 , 0 9 9
0 , 1 3 1 4  
(  28 )  
P » 0 ,2 5 3
TBASIN
0 .5 071  
( 21) 
P =0 ,0 09
0 , 1 4 7 7  
( 21) 
P=Q.261
0 , 2 1 5 4  ( 21) 
P=C,174
“ 0 , 2 7 7 6  
( 21) 
P=0 ,1 12
- 0 , 7 8 9 0  
( 8)
P=0 ,0 10
0 , 4 0 5 5  
( 7)
P=0 , 1 8 3
P = 0 , 1 6 7
- 0 , 5 9 4 9  
C 21) 
P«0 ,0 02
0 , 2 1 0 4  
( 25 )
P « 0 ,1 5 6
0 , 1 4 4 7
( 2 5 )
P - 0 , 245
RTBASIN
0 , 3 4 0 6  
( 21 ) 
psO.065
- 0 , 0 7 8 3  
( 21) 
P « 0 , 3 6 8
- 0 , 0 2 2  3 
< 21) 
P= 0 , 4 6 2
- 0 , 5 2 0 3  
( 21 ) 
P» 0 ,0 0 8
- 0 , 5 5 5 9  
( 8)
P = 0 . 0 7 6
0 , 6 5 7 5  
( 7 )
P ' 0 , 0 5 4
0 , 0 0 3 5  ( 21) 
P « 0 ,4 9 4
- 0 , 3 4 2 5
P«0 ,0 6 4
(***^25)
P» 0 ,1 9 5
0 , 2 2 2 8  
(  ̂ 2 5 )  
P « 0 , U 2
RESTVA
- 0 , 1 7 0 4  
( 2 4 )
P » 0 , 2 1 3
- 0 , 2 4 0 4  
( 24 )
P * 0 , 1 ? 9
- 0 , 1 9 8 2  
( 2 4 )
F « 0 , 1 7 7
- 0 , 0 0 6 8  
( 2 4 )
P - 0 , 487
- 0 , 5 1 7 6  
( 8) 
P - 0 , 094
- 0 , 2 7 7 8  
( 10) 
P » 0 , 2 1 9
- 0 , 1 6 7 4  
( 24 )
P * 0 , 2 1 7
0 , 5 8 4 9  
( 2 4 )
P »0 .00 1
0 , 0 8 0 9  
( 2 8 )  
P «0 ,34 1
- 0 , 1 8 2 5  
( 2 8 )  
P » 0 . 1 7 6
RRESTWA
- 0 , 1 7 0 4  
( 2 4 )
P * C , 2 1 3
- 0 , 2 4 0 4  
( 2 4 )
P = 0 , 1 2 9
- 0 , 1 9 8 2  
( 24 )
P * 0 , 1 7 7
- 0 , 0 0 6 8  
( 24 )
P = 0 , 4 8 7
- 0 , 5 1 7 6  
( 8) 
P - 0 , 094
- 0 , 2 7 7 8  
( 10) 
P = 0 , 2 1 9
- 0 , 1 6 7 4  
( 2 4 )
P * 0 , 2 1 7
0 , 5 8 4 9  
( 2 4 )
p « 0 ,0 0 1
0 , 0 8 0 9
P - 0 , 341
- 0 , 1 8 2 5  
( 2 6 )  
P - 0 , 176
RESTOP
0 , 1 5 1 7  
( 21) 
P - 0 , 256
0 , 4 8 2 2  
( 21) 
P - 0 , 013
0 , 5 0 1 4  
( 21) 
P - 0 , 010
0 , 4 9 4 6  
( 21) 
P - 0 , O i l
- 0 , 1 4 5 6  
( 8)
P - 0 , 365
- 0 , 7 3 1 5  
( 7)
P - 0 , 031
P - 0 , 040
- 0 , 2 8 0 8  
( 21) 
P - 0 , 109
- 0 . 0 2 4 3  
( 2 5 )
P - 0 , 454
- 0 , 1 3 9 0  
( 2 5 )
P - 0 , 254
(COEFFICIENT /  (CASES) /  SIGNIFICANCE) (A v a l u e  of 9 9 , 0 0 0 0  IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)
w
- P E A R S O N  C O K R E L A T I 0 N C 0 E F F I  C I  É N T S
OÀK PGAF NIVGAF OtCGAF TOTAL TBASIN RTBASIK RESTUA RRESTWA RESTOR
MÇDNTY1 0 , 4 9 9 3 0 , 5 2 3 7 - 0 , 2 1 9 3 - 0 , 4  036 0 , 1 7 0 9 0 . 1 6 1 7 0 , 2 1 5 2 - 0 , 0 8 2 4 - 0 , 0 8 2 4 - 0 , 1 1 6 4
( ?H) ( 27 ) ( 13) { 9 ) ( 28 ) ( 25 ) ( 2 5 ) ( 2 8 ) ( .  2 8 ) ( ,  2 5 )
F=C.03 3 F - 0 ,  0 J 3 P = 0 , 2 3 6 P=0,141 P»3 ,1 9 2 P =0 ,2 20 P * 0 ,1 S 1 P=0 ,3 3S P * 0 , 3 3 8 P = 0 , 2 9 0
PSEKOVI C#375? 0 ,4 ô5  4 0 , 0 1 9 7 0 ,1 3 4 7 0 , 0 0 9 4 0 , 0 7 1 4 0 , 1 3 1 2 - 0 , 3 5 1 1 - 0 , 3 5 1 1 - 0 , 0 5 5 5
( ?P) ( 2 7 ) ( 131 ( 9) ( 38 ) ( 25 ) ( 25 ) ( 28 ) ( 2 8 ) ( 2 5 )
P = 0 . 3 2 t P * 0 , ü 0 7 P = 0 , 4 7 5 F= 0, 3 6 5 P=0,4 81 P * 0 , 3 6 7 P = 0 , 2 6 6 P * 0 , 0 3 3 P = 0 , 0 3 3 P = 0 , 3 9 6
«AYKOVl - C , ? 7 3 3 - 0 , 2 w A 2 - 0 , 1 9 4 6 C.1 378 - 0 , 3 3 0 1 - 0 , 5 3 9 5 - 0 , 3 2 5 5 - 0 , 0 5 1 3 - 0 , 0 5 1 3 0 , 0 2 7 7
( 28) ( 2 7 ) (  ̂ 13 ) ( 9 ) ( 23 ) ( 25 ) ( 25 ) ( 2 8 ) ( 2 8 ) ( 2 5 )
P=0,0&2 F = 0 , 1 5 3 P = 0 , 2 6 2 F=0 ,3 62 P = 0 , 043 P =0 ,0 48 P * 0 , 0 5 6 P = 0 , 3 9 8 P = 0 , 3 9 8 P = 0 , 4 4 8
OINKHVI - 0 , 2 5 7 1 - 0 , 1 9 1 2 - 0 , 1 3 1 6 C,1 164 - 0 , 3 3 2 3 - 0 , 3 6 7 2 - 0 , 3 6 2  8 - 0 , 0 2 4 2 - 0 , 0 2 4 2 0 , 0 0 7 3
f  ̂ 24 ) ( 27 ) (  ̂ 13 ) ( 9 ) ( 2S) ( 25 ) ( 2 5 ) ( 23 ) ( 2 8 ) ( 2 5 )
P=0,OS3 r = o , i 70 P * 0 , 3 3 4 P=0,3S3 F = 0 , 0 4 2 P * 0 , 0 3 5 P =0 ,0 57 P= 0 , 4 5 1 P= 0 ,4 51 * « 0 , 4 8 6
HIMOFCI - 0 , 1 1 9 6 - 0 , 1 C 7 6 - 0 , 0 3 7 6 0 . 2 3 1 9 0 , 1 4 3 6 - 0 , 0 1 5 7 - 0 , 0 2 8 4 0 , 0 9 3 6 0 , 0 9 3 6 - 0 , 1 4 4 6
< 2?) < 27) ( 13) ( 9) ( 2 8 ) ( 2 5 ) ( 2 5 ) ( 28) ( 2 8 ) ( 2 5 )
r = L , 2 7 2 P * C ,2 9 7 P=0 ,4 52 F=0 i2 74 p = 0 , 2 3 3 P=0, 470 P = 0 , 4 4 6 P = 0 , 3 1 8 P = 0 , 3 1 8 P » 0 , 2 4 5
LOWOECl t ' . L S n 0 , 0 2 6 5 - 0 . C 4 0 3 0 , 3 5 3 8 0 , 2 6 7 4 0 , 1 1 0 1 0 , 0 1 6 0 - 0 , 1 5 9 9 - 0 , 1 5 9 9 - 0 , 1 3 6 3
( ?y.) ( 27) ( 13 ) ( 9) ( 2 8 ) ( 25 ) ( 2 5 ) ( 2 8 ) ( 2 8 ) ( 2 5 )
P=Ù, 3 9 0 P - 0 , 4 4 6 P=P , 4 4 7 F=0 ,1 72 P=0,C84 F = 0 , 3 0 0 P= 0 , 4 7 0 P = 0 , 2 0 8 * = 0 . 2 0 8 P = 0 , 2 5 8
PE0SEC1 - 0 , 0?7o - 0 , 0 3 6 6 -0 ,0 4 2 5 . 0 , 3 1 7 3 0 , 2 1 5 2 0 , 0 5 1 2 - 0 , 0 0 6 0 - 0 , 0 4 3 5 - 0 , 0 4 3 5 - 0 , 1 4 4 5
C 23) ( 27 ) ( 13) ( 9 ) ( 28 ) ( 2 5 ) ( 2 5 ) ( 28 ) ( 2 8 ) ( 2 5 )
P=0,6&5 0 = 0 , 4 2 8 P =0 ,4 4  5 P =0 ,2 03 P * 0 . 1 3 6 P = 0 , 4 0 4 P= 0 , 4 8 9 P = 0 , 4 1 3 P » 0 , 4 1 3 P « 0 ,2 4 S
pPpnEr i -0 . Ô 3 9 5 0 , 0 1 3 5 - 0 , 4 0 0 5 - 0 , 1 7 2  6 - 0 , 1 4 6 2 - 0 , 2 3 4 6 - 0 , 2 1 9 1 — 0 ,  36 08 —0 , 36C8 0 , 0 5 9 1
( 2%) ( 27) (  ̂ 13 ) ( 3 ) ( 28 ) ( 25 ) ( 2 5 ) ( 2 8 ) ( 2 8 ) ( 25 )
P=0,621 P =0 ,4 73 P=C,u36 P=0,3%9 P = 0 , 2 2 9 P * 0 , 1 2 9 P=0 ,1 4 6 P = 0 , 0 3 0 P = 0 , 0 3 0 P = 0 , 3 9 0
OAYHECI 0 , 0 9 6 9 0 , 0 7 5 9 0 , 1 9 1 6 0 , 0 5 6 1 - 0 , 0 9 9 3 - 0 , 0 2 6 2 - 0 , 0 7 9 4 - 0 , 1 3 5 8 - 0 , 1 3 5 8 0 . 0 9 3 2
( ?5) ( 2 7 ) ( 13) ( 9 ) ( 2 8 ) ( 2 5 ) ( 2 5 ) ( 28 ) ( 2 8 ) ( 2 5 )
F *C .3 1 2 r = 0 , 3 5 3 P=C,265 F = 0 , 4 4 3 P *U ,3 0 8 P = 0 , 4 4 7 P = e , 3 5 3 P = 0 , 2 4 5 P=0 ,2 4S P « 0 , 3 2 9
CIKTFCl 0 ,2 1 9 3 0 .2 3 5 1 0 , 1 1 8 4 - 0 , 1 7 9 7 - 0 , 0 3 9 6 - 0 , 0 0 0 9 - 0  , 0 0 3 0 - 0 , 1 9 2 8 - 0 , 1 9 2 8 - 0 , 0 9 3 5
f 73) ( 27 ) ( 13 ) f 9 ) ( 2 8 ) ( 25 ) < 2 5 ) ( 2 8 ) ( 2 8 ) ( 2 $ )
r = C , 1 3 2 F = 0 , 1 1 9 r = 0 . 3 5 0 P=0,32 2 P=0 ,4 21 P=0,49S P = 0 , 4 9 4 P = 0 , 1 6 3 P * 0 , 1 6 3 P » 0 , 3 2 8
(CCEFFlCi rNT /  (CASES) /  SIGNIFICANCE) (A VALUE OF 9 9 , 0 0 0 0 IS PRINTED IF A COEFFICIENT CANNOT BE CONFUTED)








0 ,1 6 2 b  
( 2«) 
P *C ,2 04
0 , 1 7 1 7  
( ?»)  
P=0,191
C .1 6 7 7  
( Z&)
P=0.1Q7
- 0 , 3 5 8 4  
( 28 )  
0 = 0 , C31
- 0 , 2 2 5 9  
( ?B)0=0.124
- 0 , 1 8 0 5  
( 2 8 )  
F=C,17V
R6AF
0 . 1 1 8 0  
( 2 7 )
P = 0 , 2 7 9
0 , 1 5 3 3  
( 27 )
P = 0 , 2 2 3
C .13 63
< 27)  
P=0,24f l
- C , 2 9 6 6
< 2 7 )  
P = 0 , 0 6 7
- 0 . 0 9 7 6  
( 27 )
P = 0 , 3 U
- 0 . 0 2 9 5  
( 2 7 )
P = 0 . 4 4 2
KOVGAF
0 , 1 7 7 8  
( 13 )
P=0, 281
0 . 1 3 0 2  
( 13 )
P = 0 . 3 3 6
0 , 1 5 2 4
< 13)  
P = 0 , 3 1 0
0 . 3 5 7 8
< 13)  
P = 0 . 1 1 5
- 0 , 1 5 8 3  
( 13 )
P = 0 . 3 0 3
- 0 , 0 5 2 7  
( 13)
P =0 ,4 32
DEC GAP
- 0 , 0 4 2 0  
( 9 )
P =0 , 457
- 0 , 0 2 6 4  
( 9 )
P »0 ,4 73
- 0 , 0 3 6 6  
( 9)
P = 0 , 4 6 3
0 , 3 2 3 9  
( 9 )
P =0 ,0 03
0 , 1 9 9 9  
( 9)
F = 0 . 3 0 3
0 , 2 6 7 2  
( 9 )
P =0 , 244
TOTAL
0 ,2 2 6 5  
( 26 )  
P=0 ,1 23
0 , 1 4 9 7  
(  ̂ 2 8 )  
P=C,223
0 , 1 8 6 2  
( 28 )  
P=0,171
- 0 , 0 1 1 3  
( 2 8 )  
P= 0 ,4 77
- 0 , 4 1 1 8
( 28)  
P= 0 ,0 15
- 0 , 3 9 5 3  
(  ̂ 28 )  
P= 0 , 0 1 9
T6ASIN
0 ,1 4 2 1  
( 25 )
P =0 ,2 49
0 , 1 3 7 9  
( 2 5 )
P » 0 ,2 5 6
0 , 1 4 0 4
( 2 5 )
P=0 ,2 52
- 0 , 0 8 4 4  
( 2 5 )
P=C,344
-0  #3628  
( 25 )
P * 0 , 0 3 7
- 0 , 2 8 5 9  
( 25 )
P =0 ,0 83
RTBASIN
0 , 1 3 0 0  
( 2 5 )
P = 0 , 2 6 8
0 , 2 0 2 4  
( 2 5 )
P * 0 , 1 66
0 , 1 6 9 9  
( 2 5 )
P = 0 , 2 0 8
- 0 , 1 0 7 9  
( 2 5 )
P * 0 , 3 0 4
- 0 , 1 9 4 3  
( 2 5 )
P * 0 , 1 7 6
- 0 . 1 3 2 2  
( 2 5 )
P = 0 , 2 6 4
RESTWA
- 0 , 3 2 0 0  
i  28 )  
F = 0 , 0 4 8
- 0 , 3 2 3 8  
( 28 )  
P c 0 , 0 4 6
- 0 , 3 2 3 4  
< 28 )  
P = 0 , 0 4 7
- 0 , 1 0 6 3  
( 28 )  
P=0,29S
- 0 , 0 1 4 8  
( 2 8 )  
P = 0 , 4 7 0
-0,1021 
( 28 )  
P « 0 , 3 0 3
RRESTWA
- 0 , 3 2 0 0  
( 2 8 )  
P = 0 , 0 4 8
- 0 , 3 2 3 8  
(  ̂ 2 8 )  
P « 0 , 0 4 6
- 0 , 3 2 3 4  
( 28 )  
P » 0 , 0 4 7
- 0 , 1 0 6 3  
( 28 )  
P * 0 , 2 9 5
- 0 , 0 1 4 8  
( 2 8 )  
P = 0 . 4 7 0
-0,1021 
( 2 8 )  
P = 0 , 3 0 3
RESTOR
0 , 0 0 1 8
P * 0 , 4 9 7
- 0 , 0 9 8 0  
( 2 5 )
P = 0 , 3 2 1
- 0 , 0 5 1 8  
( 2 5 )
P « 0 , 4 0 3
0 , 1 0 3 2  
( 2 5 )
P = 0 , 3 1 2
- 0 , 0 8 5 6  
( 2 5 )
P « 0 ,3 42
- 0 , 0 5 5 9  
( 2 5 )
P » 0 , 3 9 5
(COEFFICIENT /  (CASES) /  S IGNIFICANCE) (A VALUE OF 9 9 , 0 0 0 0  IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)












- 0 . 3 9 1 1  
< 26) 
P = 0 , Q :3
-0.6771 
( 2 6 )  
PsC.OOV
C .1 6 2 9  
( V)
P=0.73B
- 0 . Ù196 
( 5)
P = 0 . 6 8 6




( 2 5 )0*0.656
- 0 . 1 7 8 6  
f 2 5 )  
*■ = 0 . 1 9 6
- P . 1727  
f 25 )  
F=0. 23A




0 . 5 1 7 8  
( 27 )
P=0.0C7
0 , 3 1 9 1  
( 27 )
F =0 ,û 52




P = 0 . 4 9 J
0 , 7 2 9 5  
( 26 )  
psQ.OOO
0 . 6 2 0 3  
( 2 5 )
P = 0 , 0 1 8
0 . 0 2 7 6  
( 2 5 )
P - 0 . 6 6 8
-0.2216 
( 2 5 )
F = 0 . 0 6 8
- 0 . 3 2 1 6  





- 0 . 0 1 6 9  
( 2 5 )
P=0 .6 72
RIDAHO
0 , 2 8 3 2
P = 0 . 0 7 6
P = 0 , 0 8 6
0 . 3 5 6 6  
( 12) 
P = 0 . 1 2 8
0 .0 1 3 5  ( 8) 
P = 0. 4b7
C.1019  
( 28 )  
P = 0 , 3 0 3
0 . 0 1 6 3  
( 25 )
psO.673
- 0 . 0 9 0 7  
( 2 5 )
P » 0 . 3 3 3
- 0 . 3 7 6 5  
( 2 8 )  
P=0.C25
- 0 . 3 7 6 5  
( 2 3 )
F » 0 . 0 2 5
- 0 . 1 9 0 7  






- 0 . 6 6 5 0  
( 27 )
F= 0 . 0 1 0
0 . 6 0 3 6  
( 12) 
P= 0 .0 96
- 0 . 0 5 5 2  ( 3)
P=0 .6 68
0 . 6 7 8 8  
( 28 )  
P=0 .0 05
- 0 . 2 0 2 7  
( 25 )
P= 0 .1 66
- 0 , 6 2 6 6  
( 25 )
p-o.uoo
- 0 . 1 4 5 1  
( 25 )
P=0.231
- 0 . 1 4 5 1  
( 23 )
P * 0 .2 3 1






P= 0 .0 00
—0.6 591  
( 27)
PxO.ûCO
- 0 . 0 5 0 0  
{ 12) 
P= 0 . 6 3 9
- 0 . 0 7 2 1  
( 8) 
P =0 .6 33
- 0 . 2 8 5 7  
( 28 )  
P= 0 . 0 7 0
- 0 . 7 6 5 9
P=0. ^00
- 0 . 8 5 3 0  
( 25 )
pxO.OGO
- 0 . 0 6 8 3  
( 28)  
P * 0 . 3 6 5
- 0 . 0 6 8 3  
( 28 )  
P= 0 .3 65




0 . 0 2 6 7  
( 2 7 )
P * 0 . 6 5 1
0 , 0 3 2 2  
( 26 )  
pxO.638
0 . 3 8 6 2  
( 13 )
P = 0 . 0 9 6
0 .2 0 7 8  
( 9 )
P * 0 . 2 9 6
0 , 1 3 2 8
< 27 )  
P =0, 255
0 .2 2 7 0  
( 26 )  
P =0 .1 63
0 . 0 1 1 7
< 26 )  
P =0 .6 78
0 . 1 7 5 6  
( 2 7 )
P » 0 .1 9 0
0 .1 7 5 6  
( 27 )
P =0 .1 90
0.1106 
( 26 )  
FxO.306
WHEAT
- 0 . 0 5 5 3  
( 2 7 )
PxO.392
0 . 1 8 6 2  
( 26 )  
P » 0 , 1 8 6
- 0 . 1 1 5 6  
( 1 3 )
P » 0 .3 5 3
0 . 2 0 6 3  
( 9 )
P = 0 . 2 9 9
- 0 . 3 9 3 5  
(  2 7 )
P=0.021
- 0 . 0 1 9 8  
( ,  2 6 )  
P = 0 . 6 6 3
Ü .3 1 7 5  ( 26) 
P =0 ,0 65
0 . 5 0 9 6  
< 2 7 )
P= 0 . 0 0 3
0 . 5 0 9 6  
( 2 7 )
P=0«003
—0.6086 
( 26 )  
P = 0 . 0 2 6
PARLEY
F = 0 . 0 3 6
0 . 3 8 8 3  
( 26 )  
P * 0 . 0 2 5
0 .2 1 8 1  
( 13 )
P * 0 . 2 3 7
0 . 3 6 0 0  
( 9 )
P » 0 . 1 8 5
0 . 0 1 6 6  
( 2 7 )
P = 0 . 6 6 7
0 . 6 6 2 7  
( 2 6 )  
pxO.011
0 . 6 5 8 7  
( 26)  
P=0.012
- 0 . 0 7 1 8  
< 27 )
P=0.3 61
- 0 . 0 7 1 8  
( 2 7 )
P= 0. 361
0 . 2 0 7 6  
( 2 6 )  
P * 0 . 1 6 5
CATS
0 . 6 6 9 1  
{ 2 7 )
P = 0 , 0 0 7
0 . 3 0 6 0  
(  ̂ 2 6 )  
PeO. 066
0 . 3 5 6 7
P * 0 . 1 1 6
P = 0 . 2 7 3
0 . 5 0 7 6  
( .  2 7 )  
P = 0 . 0 0 3
0 . 7 1 1 2  
( .  2 6 )  
PxO.OOO
0 . 6 9 2 3  
( 2 6 )  
P = 0 . 0 0 7
- 0 . 2 5 9 6  
< 2 7 )
P « 0 . 0 9 6
- 0 . 2 5 9 6  
( 2 7 )
P « 0 . 0 9 6
0 . 2 8 7 9  
( 2 6 )  
P=0 .0 R6
8ROPOP11
- 0 . 2 6 0 1  
( 2 5 )
psO . IO S
- 0 . 2 0 6 3  
( 2 6 )  
P = 0 . 1 6 9
—0 . 0 8 8 5  
( 1 3 )
P « 0 . 3 8 7
- 0 . 1 2 6 2  
( 9 )
P * 0 . 3 7 3
- 0 . 3 0 6 3  
( 26 )  
P= 0 . 0 7 6
- 0 . 1 6 3 2  
( 21) 
P * 0 . 2 6 B
- 0 . 1 3 1 6  
< 21) 
pxO.285
0 . 0 2 7 1  
( 2 6 )  
P = 0 . 6 5 0
0 . 0 2 7 1  
( 2 6 )  
P = 0 . 6 5 0
0 . 1 7 0 1  
( 21) 
P = 0 , 2 3 1
(COEFFICIENT /  (CASES) i SIGNIFICANCE) (A VALUE OF 9 9 . 0 0 0 0  IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)
ON














- 0 , 0 1 * 9  
( ?5)
PsO.472
- 0 . 1 9 0 7  
f 2 5 )  
F=0 . 1 8 1
P = 0 , 2 3 4
0 . 0 4 8 6  
( 2 5 )
P« 0 ,4 0 9
0 . 1 1 0 4  
( .  2 4 )  
P = 0 . 3 0 4
- 0 . 4 0 8 6  
( .  2 4 )  
P - 0 . 0 2 4
0 . 2 0 7 6  
( 2 4 )
P«0*16S
0 . 2 8 7 9  
( 2 4 )
P « 0 . 0 8 6
0 .1 7 0 1  
( 21) 
F * 0 . 2 3 1
IDAHO
- 0 , 0 1 4 9  
( 2 5 )
P=0 ,4 72
1.0000 
( 2 8 )
0 .7 3 2 1  
( 2 8 )  
psO.OOO
0 . 2 1 7 3  
( 28 )  
PsO. 133
- 0 . 3 4 6 3  
( 2 6 )  
P - 0 . 0 3 6
0 . 3 7 1 3  
( 27 )
P = 0 . 0 2 8
- 0 . 3 3 3 0
P > 0 . 0 4 5
F * 0 . 2 3 7
0 . 1 4 7 9  
( 2 7 )
P * 0 . 2 3 1
- 0 , 1 0 5 4  
( 2 4 )
P * 0 , 3 1 2
RIDAHO
- 0 . 1 9 0 7  
( 2 5 )
P=0.1 81
0 , 7 3 2 1  
( 28 )  
P - 0 . 000
1.0000 
( 2 8 )  
P = * * * # *
- 0 . 1 7 0 4  
( 23 )
P * 0 . 1 9 3
- 0 . 2 9 3 6  
( 28 )  
PsO.OôS
0 . 4 1 2 1  
( 27 )
P = 0 . 0 1 6
- 0 , 1 3 2 1  
(  ̂ 2 7 )  
P « 0 , 2 5 6
0 . 2 6 9 0  
( ,  2 7 )  
P * 0 . 0 8 7
- 0 . 2 1 8 8  
( 2 7 )
P * 0 . T 3 6
0 . 2 0 1 9  
( 2 4 )
P * 0 . 1 7 2
l al
p - 0 , 234
0 . 2 1 7 8  
( 28)  
P = 0 . 1 3 3
- 0 , 1 7 0 4  
( 28 )  
P » 0 .1 9 3
1.0000 
( 28 )  
p s * * * * #
0 , 6 8 2 0  
( 28 )  
P - 0 . 000
- 0 . 0 9 7 4  
( 27)
P=0 ,3 14
P * 0 . 0 0 7
- 0 . 4 8 3 6  
( 27 )
P=O.OOS
—0 . 0 0 4 6  
( 27 )
P = 0 . 4 9 0
- 0 , 0 9 9 5  
( 24 )
P * 0 . 3 2 2
RCAL
0 , 0 4 8 6  
( 25 )
P » 0 .4 0 9
- 0 # 3 4 6 3  
( 28 )  
P - 0 , 036
- 0 , 2 9 3 6  
( 28 )  
P= 0 . 0 6 5
0 , 6 8 2 0  
( 2 8 )  
psO.OGO
1 .0000 
( 2 8 )  
P = * * # * *
- 0 . 2 1 9 9
u n i
P * 0 . 1 1 9
P=0, 001
- 0 . 3 2 9 2  
( 27 )
P « 0 .0 4 7
0 . 1 2 7 1  
( 24 )
P » 0 ,2 7 7
CORN
0 . 1 1 0 4  
( 2 4 )
F = 0 . 3 0 4
P = 0 . 0 2 8
0 . 4 1 2 1  
( 27 )
P=Q.016
- 0 . 0 9 7 4  
( 27 )
P = 0 . 3 1 4
- 0 . 2 1 9 9  
( 2 7 )
P = 0 . 1 3 5
1.0000 
( 2 8 )  
P » * * # * *
0 , 4 1 6 2  
( 2 8 )  
p s O . O U
0 . 4 1 9 7  
( 2 8 )  
P - 0 . 0 1 3
- 0 . 2 0 4 0  
( 28 )  
P « 0 ,1 4 9
0 . 5 3 1 0  
( 2 5 )
P = 0 . 0 0 3
WHEAT
- 0  .4 0 8 6
P * 0 . 0 2 4
- 0 . 3 ^ 3 0
P « 0 .0 4 5
- 0 . 1 3 2 1  
( .  2 7 )  
P « 0 .2 S 6
- 0 . 4 6 3 7  
( 2 7 )
PsO.007
- 0 . 2 3 5 1  
( 2 7 )
P « 0 .1 1 9
0 . 4 1 6 2  
( 2 8 )  
P « 0 .0 1 4
1.0000 
( 2 8 )  
p a * # * # *
0 . 0 9 4 5  
( 2 8 )  
P * 0 . 3 1 6
- 0 , 4 4 0 9  
( 28 )  
P « 0 ,0 0 9
(°*^25)
P * 0 , 1 5 5
BARLEY
0 . 2 0 7 6
u n i
P - 0 . 2 3 7
0 . 2 6 9 0  
C 2 7 )  
P « 0 . 0 8 7
- 0 . 4 8 3 6  
( 2 7 )
PsO.OOS
- 0 . 5 5 3 5  
( 2 7 )
P * 0 . 0 0 1
0 . 4 1 9 7  
< ,  28 )  
P * 0 . 0 1 3
0 . 0 9 4 5  
( 2 8 )  
P " 0 , 3 1 6
1.0000 
C 28)  
p * * * * *
0 . 3 0 9 7
P«0 .& 54
P - 0 . 0 0 5
o a t s
0 , 2 8 7 9  
( 2 4 )
P = 0 , 0 8 6
0 . 1 4 7 9  
( 2 7 )
P . O . 231
- 0 . 2 1 8 8
< 2 7 )  
P « 0 , 1 3 6
- 0  .0 0 4 8
< 2 7 )  
P = 0 , 4 9 0
- 0 . 3 2 9 2  
( 2 7 )
P « 0 . 0 4 7
- 0 . 2 0 4 0  
C 2 8 )  
P * 0 . 1 4 9
- 0 . 4 4 0 9
( 28 )  
PeO.009
0 . 3 0 9 7  
( 2 8 )  
P « 0 . 0 5 4
1.0000 
( 2 8 )  Pa»****
- 0 . 1 7 0 9  
( 2 5 )
P « 0 . 2 0 7
BRDP0F11
0 . 1 7 0 1  
( 21) 
P * 0 . 2 3 1
- 0 . 1 0 5 4  
( 2 4 )
P «G .3 12
0 . 2 0 1 9  
( 2 4 )
P = 0 . 1 7 2
- 0 , 0 9 9 5  
( 24 )
P « 0 . 3 2 2
0 . 1 2 7 1  
( 24 )
P * 0 . 2 7 7
0 . 5 3 1 0
P « 0 . 0 0 3
( * " * 2 5 )  
P - 0 . 155
0 . 5 0 5 8  
(  25 )
P - 0 . 005
- 0 . 1 7 0 9  
< 2 5 )
P - 0 . 2 0 7
1.0000 
( 2 5 )
P a * * * * *
(COEFFICIENT /  (CASES) /  SIGNIFICANCE) (A VALUE OF 9 9 . 0 0 0 0  IS  PRINTED IF  A COEFFICIENT CANNOT BE COMPUTED)
- P E A R S O N  C O R R E L A T I 0 N C 0 £ F F I C I E N I  S
RPESTnp IDAHO RIDAHO CAL RCAL CORN WHEAT BARLEY OATS BROPOP11
BR0P0P12 0 , 1 5 1 7 0 , 1 2 2 3 0 , 0 0 2 3 - 0 , 0 2 1 2 - 0 , 1 9 9 1 0 . 1 2 4 3 - 0 . 3 6 2 4 0 ,2 4 5 1 0 , 5 5 6 7 0 , 3 3 1 1
( 21 ) ( 24 ) ( 24 ) ( 24 ) ( 24 ) ( 2 5 ) ( 2 5 ) ( 25 ) ( 2 5 ) ( 2 5 )
P * ( i , 2 5 6 P =0 ,2 85 PsQ.496 P * 0 ,461 P = 0 , 1 7 6 P » 0 ,2 7 7 P = 0 , 0 3 8 P = 0 , 1 1 9 P * 0 , 0 0 2 P * 0 , 0 5 3
BRDP0P21 0 , » 5 2 2 0 , 1 7 3 4 0 .0 4 6 5 0 ,1 6 1 5 0 , 0 0 1 5 0 , 1 3 3 3 - 0 , 3 7 4 5 0 , 1 7 7 6 , 0 , 2 5 3 0 0 , 1 6 3 6
( ?1 ) ( 24 ) ( 24 ) ( 24 ) ( 24 ) ( 25 ) ( 2 5 ) ( 25 ) (  ̂ 2 5 ) ( .  2 5 )
P=C,C13 p = 0 ' 2 0 9 P=0 , 4 1 5 P =0 ,2 25 P= 0 , 4 9 7 P =0 ,2 63 P « 0 .0 3 3 P = 0 . 1 9 8 P * 0 . 1 1 1 P » 0 , 2 1 7
BP0P0P22 0 , b 0 U 9 , Ü486 - 0 , 1 6 4 6 0 , 2 0 1 7 0 , 0 3 2 8 0 , 0 1 1 3 - 0 , 2 5 8 2 0 . 1 2 7 9 0 , 3 8 8 4 0 , 0 6 4 4
( 21) ( 24 ) ( 2 4 ) ( 24) ( 24 ) ( 2 5 ) ( 2 5 ) ( 2 5 ) ( 2 5 ) ( 2 5 )
p = 0 . 0 1 0 P=0,411 P »0.2 21 F * 0 , 1 7 2 P * 0 , 4 3 9 F = 0 , 4 7 9 P = 0 , 1 0 6 P * 0 , 2 7 1 P « 0 , 0 2 8 P > 0 , 3 8 0
BRDP0P31 0 f 6 0 , 0 0 3 8 - 0 , 2 9 9 4 0 , 5 2 3 3 0 , 3 9 7 8 - 0 , 2 4 8 6 - 0 , 3 1 2  5 - 0 , 3 5 0 9 - 0 , 0 0 6 3 - 0 , 3 0 2 9
( 21 ) ( 24 ) ( 24 ) ( 24 ) ( 24 ) ( 2 5 ) ( 2 5 ) (  25 ) ( 2 5 ) ( 2 5 )
P - 0 , 0 1 1 P = 0 . 4 9 3 P =0 , 0 7 8 P = 0 , 0 0 4 P » 0 , 0 2 7 P =0 , 1 1 5 P « 0 .0 6 4 P - 0 , 043 P = 0 , 4 8 8 P»0 ,0 7 1
8R00021 - 0 • 1 4 5 6 - 0 , 2 4 9 7 - 0 , 0 1 2 5 0 . 2 3 2 1 0 , 5 8 7 6 0 . 0 7 2 0 0 . 0 2 9 2 - 0 , 4 1 0 5 - 0 , 0 6 4 5 - 0 , 0 5 9 0
( . 8 ) ( 8) ( 8 ) ( 8 ) ( 8 ) ( 8 ) ( 8 ) ( 8 ) ( 8 ) ( 8 )
P=0«z65 P = 0 . 2 7 5 P-0  «488 P =0 ,2 90 P - 0 , 063 P=0 ,4 33 PsO.473 P * 0 , 1 5 6 P » 0 , 4 4 0 P « 0 , 4 4 5
BR00022 - 0 , 7 3 1 5 - 0 . 2 1 6 1 - 0 . 1 4 4 8 0 . 0 9 2 3 0 , 2 6 3 6 - 0 . 0 6 9 7 0 . 1 3 1 8 - 0 , 1 5 9 0 0 , 1 7 9 5 0 . 0 3 7 2
( 7 ) ( 10 ) ( 10 ) ( 10) ( 10 ) ( 11) ( 11 ) ( 11 ) ( 1 1 ) ( 11 )
P=0,C31 P s 0 .2 ? 4 P * 0 , 3 4  5 P =0 ,4 00 P=0,2 31 P =0 ,4 19 P » 0 . 3 5 0 P = 0 , 3 2 0 P * 0 , 2 9 9 P « 0 . 4 5 7
BR00D3Î 0 , 3 9 1 5 - 0 , 1 4 6 0 - 0 , 4 5 5  5 0 . 3 9 6 0 0 , 2 2 0 8 - 0 . 4 9 0 4 - 0 . 4 6 1 0 - 0 , 2 2 7 1 0 , 4 1 5 8 —0 . 3 4 4 6
( 21 ) ( 2 4 ) ( 24 ) ( 24 ) ( 24 ) ( 2 5 ) ( 2 5 ) ( 2 5 ) ( 25 ) ( 2 5 )
Ps 0 ,0 4  0 P - 0 . 248 P * C . 0 1 3 P= 0 . 0 2 8 P * 0 , 1 5 0 P - 0 , 006 P = 0 . 0 1 0 P = 0 , 1 3 8 P = 0 , 0 1 9 P * 0 , 0 4 6
LNfcST31 - 0 . 2 8 0 6 - 0 , 1 8 4 0 0 , 0 6 8 7 - 0 . 1 8 2 0 0 ,0 8 8 1 0 , 4 1 6 8 0 , 6 9 8 3 - 0 , 1 6 2 1 - 0 , 8 0 6 2 0 , 1 4 0 0
( r i ) ( 2 4 ) ( 24 ) ( 24 ) ( 2 4 ) ( 25 ) ( 2 5 ) ( 2 5 ) ( 2 5 ) ( 2 5 )
P=C,109 psO.195 P=0. 37S F « 0 . 1 9 7 P * 0 . 3 4 1 P = 0 , 0 1 9 P = 0 , 0 0 0 P = 0 , 2 1 9 P «0 ,C 00 P = 0 , 2 5 2
HIHKOVI - 0 . 0 2 4 3 0 . 1 3 6 6 - 0 , 0 6 4 6 0 . 0 2 0 8 - 0 . 1 8 6 1 - 0 , 2 7 4 4 - 0 , 1 2 6 8 - 0 , 1 2 2 0 0 , 0 4 6 3 —0 , 2 4 0 2
( 25 ) ( 28 ) ( 28 ) ( 28 ) ( 28 ) ( 2 8 ) ( 28 ) ( 2 8 ) ( 2 8 ) ( 2 5 )
F = 0 . 4 5 4 P - 0 , 244 P =0 .3 72 F = 0 , 4 5 8 P=0,171 P=C,079 P=0 . 2 6 0 P * 0 , 266 P - 0 , 4 G 7 P « 0 , 1 2 4
L0UNCV1 - 0 , 1 3 9 0 C.2489 0 , 2 1 1 1 - 0 , 1 3 5 3 - 0 . 2 6 8 9 - 0 , 1 8 5 5 - 0 , 0 2 0 4 - 0 , 0 5 7 5 0 ,0 0 5 1 - 0 , 2 9 3 8
( ?5 ) ( 2 8 ) (  28 ) ( 28 ) ( 28 ) ( 28 ) ( 28 ) ( 28 ) ( 2 8 ) ( 2 5 )
P « 0 .? 5 4 psC.101 P=0«140 P » 0 , 2 4 6 P=0.C83 F= 0, 1 7 2 P - 0 . 459 P « 0 , 3 8 6 P - 0 , 490 P » 0 , 0 7 7
(COEFFICIENT /  (CASES) /  SIGNIFICANCE) (A VALUE OF 99.O0C0 IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)
00
P E A R S O N  C O R R E L A T I O N  C O E F F I C I E N T S











“0 f 1164 
( 2 5 )
P = 0 . 2 9 0
- 0 . C 5 5 5  
( 2 5 )
Pa O. 396
0 , 0 2 7 7  
< 2 5 )
P = 0 , 4 4 *
0 , 0 0 7 3  
( 2 5 )
P = 0 , 4 g 6
- C , 1 4 4 6  
( 2 5 )
P * 0 , 2 4 5
- 0 , 1 3 o 3  
( 2 5 )
P=U ,2 58
“ 0 , 1 4 4 5  
( 2 5 )
P= C ,2 4 5
0 , 0 5 9 1  
( 2 5 )
P=C .390
0 , 0 9 3 2  
( 2 5 )
P = 0 , 2 2 9
- 0 , 0 9 3 5  
( 2 5 )
P = 0 , 3 2 8
IDAHO
0 . 1 9 5 9
< 2 9 )  
P = 0 , 1 5 9
0 , 1 5 3 2  
( 2 8 )  
P=C .21 8
- 0 , 1 5 5 3  
( 2 8 )  
P = 0 , 2 1 4
- 0 , 1 5 4 9  
( 28 )  
F = 0 , 2 1 6
0 , 0 2 6 4  
( 2 8 )  
F - C , 4 4 7
0 , 1 0 9 6  
C 2 8 )  
P * 0 , 2 8 9
0 , 0 7 3 1
< 2 8 )  
P = 0 , 3 5 6
0 , 1 3 3 2  
( 28 )  
P = 0 , 2 5 0
0 , 0 0 3 9  
( 2 8 )  
P = 0 , 4 9 2
0 , 1 5 1 1  
( 28 )  
P=Q,221
RIDAHO
0 * 0 9 6 0  
(  2 8 )  
P = 0 . 3 1 4
0 , 2 4 1 6  
( 2 8 )  
P - 0 , 1 0 8
0 , 1 3 4 9  
( 2 8 )  
P = 0 , 2 4 7
0 , 1 3 7 2  
( 2 8 )  
P = 0 , 2 4 3
- 0 , 1 1 7 5  
( 2 8 )  
P = 0 , 2 7 6
- 0 , 0 8 2 ?  
(  ̂ 2 3 )  
P=Q ,33 9
- 0 , 1 0 0 8  
< 2 8 )  
P=0 ,3 0S
0 , 3 9 1 9  
(  ̂ 2 8 )  
P = 0 , 0 2 0
0 , 0 8 4 4  
( 2 8 )  
P = 0 , 3 3 S
0 . 2 3 3 7  
( 2 8 )  
P = 0 . 1 1 6
CAL
- 0 , 0 7 3 2  
( 2 8 )  
P - 0 , 3 5 6
- 0 , 1 3 8 1  
(  2 8 )  
P - 0 , 242
- 0 , 0 0 7 7  
( 2 8 )  
P = 0 , 4 8 4
—0 , 0 4 0 7  
( 28 )  
P * 0 , 4 1 9
0,2200 
( 28 )  
P=C.130
0 , 3 3 2  7 
f  2 8 )  
P = 0 , 0 4 2
0 , 2 8 8 3  
( 28 )  
P = 0 , 0 6 3
- 0 , 0 0 9 8  
( 28 )  
F - 0 , 4 8 0
- 0 , 0 8 4 4  
( 2 8 )  
F = 0 , 3 3 5
- 0 , 0 8 1 5  
( 28 )  
P - 0 , 340
RCAL
- 0 , 2 3 4 1  
C 2 8 )  
P « 0 . 1 1 5
- 0 , 1 4 3 9
P « 0 , 2 3 3
P = 0 , 1 0 6
0,2021 
( 2 8 )  
P =0 ,1 51
0 , 0 8 9 9  
( 2 8 )  
P * 0 , 3 2 5
9 ,1 2 0 1  
( 26 )  
P=0 ,2 71
0 , 1 0 9 9  
( 2 8 )  
P = 0 , 2 8 9
0,1210 
( .  2 8 )  
P = 0 , 2 7 0
0 , 0 4 6 9  
( 2 8 )  
PaO, 4 0 6
- 0 , 0 3 0 9  
( 2 8 )  
P = 0 , 4 3 8
CORN
- 0 , 2 7 7 0  
( 2 8 )  
P = 0 , 0 7 7
- 0 , 0 4 7 3  
( 2 8 )  
P = 0 , 4 0 6
0 , 2 2 0 6  
( 2 8 )  
P = 0 , 1 3 0
0 , 1 9 7 6  
( 2 8 )  
P = 0 , 1 5 7
- 0 , 0 7 8 9  
( 2 8 )  
P = 0 , 3 4 5
- 0 , 2 5 8 8  
( 2 8 )  
P = 0 , 0 9 2
- 0 , 1 7 9 7  
( 2 8 )  
P = 0 , 1 8 0
0 , 0 2 4 9  
( 2 8 )  
P = 0 , 4 5 0
0 , 1 7 1 0  
( 2 8 )  
P * 0 , 1 9 2
0 , 1 4 7 4
( 2 8 )  
P * 0 , 2 2 7
WHEAT
- 0 , 0 9 3 6  
( 2 8 )  
P * 0 , 3 1 8
0 , 0 6 7 7  
( 2 8 )  
P * 0 , 3 6 6
0 , 1 0 4 9  
( 2 8 )  
P * 0 , 2 9 8
0 , 0 8 9 7
P = 0 , 3 2 5
P = 0 , 1 4 0
- 0 , 0 6 5 4  
( 2 8 )  
P = 0 , 3 7 0
0 , 0 6 6 6  
( 2 8 )  
P = 0 , 3 6 8
- 0 , 0 5 7 7  
( 2 8 )  
P * 0 , 3 8 5
—0 • 144 4 
( 2 8 )  
P * 0 , 2 3 2
- 0 , 0 7 8 8  
< 2 8 )  
P = 0 , 3 4 5
BARLEY
- 0 , 1 1 3 6  
( 2 8 )  
P « 0 , 2 8 3
0,0210 
( 2 8 )  
P « 0 , 4 5 8
0 , 0 9 7 1  
(  2 8 )  
P = 0 , 3 1 2
0 . 1 3 2 4  
( 2 8 )  
P = 0 , 2 5 1
- 0 , 4 6 4 0  
( 2 8 )  
P * 0 , 0 0 6
- 0 , 4 8 0 2  
( 2 8 )  
P = 0 , 0 0 5
- 0 , 4 8 7 1
( 2 8 )  
P = 0 , 0 0 4
0,1021 
( 2 8 )  
P * 0 , 3 0 3
0 , 4 4 2 7  
( 2 8 )  
P « 0 , 0 0 9
0 , 2 5 6 7  
( 2 8 )  
P * 0 , 0 9 4
OATS
0 , 0 1 8 6  
( 2 8 )  
P » 0 , 4 6 3
0 , 1 8 3 5  
( 2 8 )  
P » 0 , 1 7 5
- 0 , 1 7 4 7  
( 2 8 )  
P = 0 , 1 8 7
- 0 , 1 9 4 6  
(  2 8 )  
P * 0 , 1 6 1
-0,2120 
( 2 8 )  
P = 0 , 1 3 9
0 , 0 2 6 2  
( 2 8 )  
P = 0 , 4 4 7
- 0 , 0 8 9 1  
( 2 8 )  
P * 0 , 3 2 6
-0,1010 
( 2 8 )  
P = 0 , 3 0 5
0 , 1 8 0 4  
( 2 8 )  
P = 0 , 1 7 9
0 , 0 7 8 5
i  . 26)
P = 0 , 3 4 6
BROPOP11
- 0 , 2 9 4 7  
(  2 5 )
P ' 0 , 0 7 6
- 0 , 1 8 4 0  
(  2 5 )
P » 0 , 1 8 9
0 , 2 5 5 4  
C 2 5 )  
P « 0 , 1 0 9
0 , 2 6 4 9  
( 2 5 )
P = 0 , 1 0 0
- 0 . 1 0 9 3  
( 2 5 )
P = 0 , 3 0 1
- 0 , 1 7 3 8  
( 2 5 )
P « 0 , 2 0 3
- 0 , 1 4 6 7  
(  2 5 )
P = 0 , 2 4 2
0 , 0 3 4 4  
( 2 5 )
P * 0 , 4 3 5
0 , 0 0 8 2  
(  2 5 )
P = 0 , 4 8 5
- 0 , 1 1 3 5  
( 2 5 )
P * 0 , 2 9 5
(COEFFICIENT /  (CASES) /  S IGNIF ICANCE) (A VALUE OF 9 9 , 0 0 0 0  IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)
VO








C .0 0 1 8  
( 2 5 )
P = 0 . 4 S 7
- 0 , 0 9 8 0  
( 2 5 )
P - 0 , 3 2 1
- 0 , 0 5 1 8  
( 2 5 )
P = 0 . 4 0 3
0 , 1 0 3 2  
( 2 5 )
P * 0 , 3 1 2
- 0 , 0 8 5 6  
( 2 5 )
9 = 0 . 3 6 2
- n , C 5 5 9  
( 2 5 )
P = 0 , 3 9 5
IDAHO
0 , 1 0 8 6  
( 2 8 ) 
F = 0 , 2 9 1
0 , 0 6 2 7  
( 2 8 )  
P =0 ,6 1S
0 , 0 7 3 8  
( 2 8 )  
P=0 ,3 5A
- 0 , 1 3 6 6  
( 2 8 )  
P = 0 , 2 6 6
- 0 , 2 6 5 8  
( 2 8 )  
P = 0 , 0 3 6
-0  ,1 622 
( 2 3 )
P * 0 , 2 0 5
RIDAHO
- 0 , 0 8 9 2  
( 2 8 )  
P = 0 , 326
- 0 , 0 9 8 2  
( ,  2 8 )  
P * 0 , 3 0 9
“ 0 , 0 9 6 6  
( 2 8 )  
P = 0 , 3 1 6
- 0 , 1 1 1 8  
( 2 8 )  
P = 0 , 2 8 6
0 , 0 5 6 2  
( 2 8 )  
P = 0 , 5 8 3
0 , 2 1 2 3  
( 2 8 )  
P = 0 , 1 3 9
CAL
0 , 1 6 9 9  
( 2 8 )  
P * 0 , 1 9 6
0 , 1 0 6 0  
( 2 8 )  
P = 0 , 2 9 6
0 ,1 3 6 1  
( 2 8 )  
P = 0 , 2 6 5
0 , 2 3 7 1  
( 28 )  
F * 0 , 1 1 2
- 0 , 0 9 8 9  
( 28 )  
F = 0 , 3 0 8
“ 0 , 1 6 9 8  
( 28 )  
P = 0 , 1 9 6
RCAL
0 , 0 0 5 2  
( .  2 8 )  
PsO.689
- 0 , 0 1 6 9
< . ?Ê>
P =0, 6 6 6
- 0 , 0 0 6 7  
( 2 8 )  
P = 0 , 6 8 7
0 , 2 1 1 8  
( 2 8 )  
P=C ,1 60
0 , 2 2 0 9  
( 2 8 )  
P = 0 , 1 2 9
0 , 1 2 0 6  
( 2 8 )  
P=0,27 1
CORN
- 0 , 5 2 6 9  
( 28 )  
P = 0 , 0 0 2
- 0 , 5 9 0 4  
( 28 )  
P = 0 , 0 0 0
- 0 , 5 6 4 6  
( 28 )  
P=0 ,0 01
0 , 1 4 0 9  
( 2 0  
P = 0 , 2 3 7
0 , 3 2 3 6  
( 2 8 )  
P = 0 , 0 4 7
0 ,3 6 4 5  
( 2 8 )  
P = 0 , 0 2 8
WHEAT
- 0 , 3 9 3 8  
( 2 8 )  
P = 0 , 0 1 9
- 0 , 3 8 8 4
P = 0 ,? 21
- 0 , 3 9 3 5  
( 2 8 )  
P = 0 , 0 1 9
0 , 2 2 2 7  
( 2 8 )  
P = 0 . 1 2 7
0 , 2 6 8 3  
( 2 8 )  
P = 0 , 0 8 4
0 , 3 1 3 7  
( 2 8 )  
P = 0 , 0 5 2
BARLEY
- 0 , 1 9 2 7  
( 2 8 )  
P = 0 , 1 6 3
- 0 , 2 3 5 1  
( 2 8 )  
P = 0 , 1 1 4
- 0 , 2 1 7 2  
( 28 )  
P = 0 , 1 3 3
- 0 , 0 2 5 4  
( 2 8 )  
P = 9 , 4 4 9
- 0 , 1 4 8 4  
( 2 8 )  
P = 0 , 2 2 6
0 , 0 3 5 0  
( 2 8 )  
P = 0 , 6 3 0
OATS
0 , 2 5 0 0  
( 2 8 )  
P = 0 , 1 0 0
0 , 2 5 9 7
P = 0 , ?9 1
0 , 2 5 6 5  
( 2 8 )  
P =G ,0 94
- 0 , 2 9 0 1  
( 2 8 )  
P = 0 , 0 6 7
- 0 , 2 5 4 8  
( 2 8 )  
P = 0 , 0 9 S
- 0 , 2 2 3 6  
( 2 8 )  
P = 0 , 1 2 6
BR0P0P11
T O , 3452  
( 2 5 )
P = 0 , 0 4 5
- 0 , 3 7 5 5  
( 2 5 )
P = 0 , 0 3 2
- 0 , 3 6 3 9  
( 2 5 )
P = 0 , 0 3 7
0 , 1 5 5 6  
< 2 5 )
P = 0 , 2 2 9
0 , 1 3 0 4  
( 2 5 )
P = 0 , 2 6 7
0 , 1 6 0 6  
( 2 5 )
P = 0 , 2 2 2
(COEFFICIENT /  (CASES) /  S IGNIF ICANCE) (A VALUE OF 9 9 , 0 0 0 0  IS PRINTED I F  A COEFFICIENT CANNOT BE COMPUTED)
O
P E A R S O N  C O R R E L A T I O N  C O E F F I C I E N T S











0 , 2 1 4 3  
( ?5 )
P = 0 , 1 5 2
0 , 1 0 6 2  
( 2 4 )
P*0# 311
“ 0 , 0 6 0 7  
( .  1 3 )
P - 0 , 4 4 8
- C , 2 ? 3 6  
( 9 )
P * Û , ? 3 0
0 , 2 4 0 0  
( 2 4 )
P = 0 , 1 2 9
0 , 5 0 7 1  
( 21 ) 
P - D , 0 0 9
0 , 3 4 0 6  
( 21 ) 
P=O,06 5
- 0 , 1 7 0 4  
( 2 4 )
P * 0 , ? 1 3
- 0 , 1 7 0 4  
( 24 )
P = 0 . 2 1 3
0 , 1 5 1 7  
( 2 1 ) 
P = 0 , 2 5 6
-0,1496 
( 2 5 )
P = 0 , 2 3 8
- 0 , 2 6 9 2  
( 2 4 )
P = 0 , 1 02
0 , 0 6 3 4  
< 1 3 )
P » 0 , 4 l 9
- 0 , 2 4 4 4  
( 9 )
P * 0 , Z 6 3
0 , 2 5 3 4  
( 2 4 )
P = 0 , 1 1 1
0 , 1 4 7 7  
( 2 1 ) 
P - 0 , 261
- 0 , 0 7 8 3  
( 2 1 ) 
P - 0 , 3 6 8
- 0 , 2 4 0 4  
( 24 )
P = 0 . 1 2 9
—0 , 2 4  0 4 
( 2 4 )
P - 0 , 129
0 , 4 8 2 ?  
( 2 1 ) 
P = 0 , 0 1 3
- 0 , 1 2 4 4  
( 2 5 )
P = 0 , 2 7 7
- 0 , 1 9 2 6
Pa0,îs4
P = 0 , 0 5 8
0 , 6 5 7 2  
( 9 )
P - 0 , 027
0 , 3 0 7 9  
( 24 )
P = 0 , 0 7 2
0 , 2 1 5 4  
( 21 ) 
P = 0 . 1 7 4
- 0 , 0 2 2 3  
( 2 1 ) 
P = 0 , 4 6 2
- 0 , 1 9 3 2  
( 24 )
P = 0 . 1 7 7
- 0 , 1 9 8 2  
( 2 4 )
P * 0 , 1 7 7
0 , 5 0 1 4  
2 1 ) «0,010
- 0 , 4 3 1 6  
( 25 )
F=0 ,016
- 0 , 6 0 8 8  
( 24 )
P=0 ,0 01
0 , 0 1 1 4  
( 13 )
P = 0 , 4 8 5
- 0 , 2 8 7 6  
( 9 )
P * 0 , 2 2 6
0 . 3 0 1 3  
( 2 4 )
P = 0 . 0 7 6
- 0 , 2 7 7 6  
( 2 1 ) 
P = 0 . 1 1 2
- 0 , 5 2 0 3  
( 21 ) 
P = 0 . 0 0 8
- 0 , 0 0 6 3  
( 2 4 )
P = 0 , 6 8 7
- 0 , 0 0 6 8  
< 2 4 )
P = 0 , 4 8 7
0 , 4 9 4 6  
( 21 ) 
P =0 ,0 11
“ 0 , 4 2 5 3  
( 8)
P = 0 . 1 4 7
- 0 , 1 9 7 2  
( 6)
P = 0 , 3 2 0
- 0 , 4 6 5  6 
( 7 )
P = 0 , 1 4 6
- 0 , 5 6 3 8  
( 5 )
P=0 ,1 61
“0 , 3 0 3 6  
( 8 )
P * 0 , 2 3 2
- 0 , 7 8 9 0  
( 8 )
P = 0 , 010
- 0 , 5 5 5 9  
( 8 )
P = 0 , 0 7 6
- 0 , 5 1 7 6  
( 8 )
P = 0 , 0 9 4
- 0 , 5 1 7 6  
( 8 )
P = 0 , 0 9 4
- 0 , 1 4 5 6  
( 8 )
P * 0 , 3 6 5
BPOC022
0 , 0 3 7 4  
( 11 ) 
P = 0 , 4 5 7
0 , 2 2 9 1  
( 10 ) 
P = 0 , 2 6 2
0 , 1 6 5 9  
( 11) 
P = 0 , 3 1 3
0 . 6 7 7 5  
( 7 )
P = 0 , 0 4 7
- 0 , 1 7 4 6  
( 10 ) 
P = 0 , 3 1 5
0 , 4 0 5 5  
( 7 )
P = 0 , 1 8 3
0 , 6 5 7 5  
( 7)
P=0,OS4
- 0 , 2 7 7 8  
( 10 ) 
P = 0 , 2 1 9
- 0 , 2 7 7 8  
( 1 0 ) 
P = 0 , 2 1 9




- 0 , 3 0 9 7  
( 2 5 )
P « 0 , 0 6 6
- 0 , 4 4 3 7  
( 2 4 )
P = 0 , 0 1 5
0 , 4 2 4 9  
( 1 3 )
P = 0 , 0 7 4
0 , 6 7 0 3  
( 9 )
P = 0 , 0 2 4
0 , 3 2 7 9  
( 2 4 )
P = 0 , 0 5 9
0 , 2 2 1 9  
( 2 1 ) 
P = 0 , 1 6 7
0 , 0 0 3 5  
( 21) 
P = 0 , 4 9 4
- 0 , 1 6 7 4  
( 2 4 )
P = 0 , 2 1 7
“ 0 , 1 6 7 4  
( 2 4 )
P = 0 , 2 1 7
0 , 3 9 1 5  
( 2 1 ) 
P = 0 , 0 4 0
LNEST31
- 0 , 3 3 2 3  
( 2 5 )
P = 0 . 0 5 2
- 0 , 1 9 3 2  
( 2 4 )
P = 0 , 1 8 3
- 0 , 3 7 3 5  
( 13 )
P = 0 , 1  04
- 0 , 4 5 1 7
( 9 )pso.ni
- 0 , 4 1 8 0  
( 2 4 )
P =0*021
- 0 , 5 9 4 9  
( 2 1 ) 
P = 0 , 0 0 2
- 0 , 3 4 2 5  
( 21 ) 
P = 0 , 0 6 4
0 , 5 8 4 9  
( 2 4 )
P - 0 , 001
0 , 5 8 4 9  
( 24 )
P = 0 , 0 0 1
- 0 , 2 8 0 8  
( 21) 
P = 0 , 1 0 9
HIHN0V1
0 , 3 9 2 0  
t 2 8 )  
p s O . 0 2 0
0 , 3 5 6 8  
(  ̂ 2 7 )  
P = 0 , 0 3 4
- 0 , 2 7 6 0  
( 1 3 )
P = 0 , 1 8 1
- 0 , 4 3 6 2  
< 9 )
P = 0 , 1 2 0
0 , 2 5 1 1  
( 2 3 )
P = 0 , 0 9 9
0 , 2 1 0 4  
( 2 5 )
P = 0 , 1 5 6
0 , 1 7 9 7  
( 2 5 )
P = 0 , 1 9 5
0 , 0 8 0 9  
(  2 8 )  
P = 0 . 3 4 1
0 , 0 8 0 9
P * 0 , 3 4 1
- 0 , 0 2 4  3 
( 2 5 )
P = 0 , 4 S 4
LCWN0V1
0 . 5 3 3 0  
(  2 8 )  
P = 0 , 0 0 2
0 , 5 7 2 9  
(  2 7 )
P = 0 , 0 0 1
- 0 , 0 8 4 4  
( 1 3 )
P = 0 , 3 9 2
- 0 , 2 8 8 5  
(  9 )
P = 0 , 2 2 6
0 , 1 3 1 4  
(  2 8 )  
P * 0 , 2 5 3
0 , 1 4 4 7
( 2 5 )
P = 0 , 2 4 5
0 , 2 2 2 8  
( 2 5 )
P = 0 , 1 4 2
- 0 , 1 8 2 5  
( 28 )  
P = 0 . 1 7 6
- 0 , 1 8 2 5  
(  28 )  
P = 0 . 1 7 6
- 0 . 1 3 9 0  
( 2 5 )
P = 0 . 2 5 4
(COEFFICIENT /  (CASES) /  S IGNIF ICANCE) (A VALUE OF 9 9 , 0 0 0 0  IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)
N>









b a r l e y
OATS
BRDP0P11
0 . 1 5 1 7  
( 21) 
Ps O . 2 5 6
0 . 1 2 3 3  
( 2 4 )
P = 0 . 2 8 5
0 . 0 0 2 3  
( 2 4 )
P = 0 . 4 5 6
- 0 . 0 2 1 2  
( 2 4 )
P = 0 . 4 6 1
- 0 . 1 9 9 1  
( 2 4 )
P = 0 , 1 7 6
0 . 1 2 4 3  
( 25 )
P = 0 . 2 7 7
- 0 . 3 6 ?  4 
( ?f)
r - C . 0 3 8
0 . 2 4 5 1  
(  25 )
P = 0 . 1 1 9
0 . 5 5 6 7  
( 2 5 )
P = 0 . 0 0 2
0 . 3 3 1 1  
(  2 5 )
P=0 .C 53
0 , 4 3 2 2  
( 21) 
P = 0 , 0 1 3
0 . 1 7 3 4  
( 2 4 )
p - 0 . 209
0 . 0 4 6 5  
< 2 4 )
P = 0 . 4 1 5
O . l ù l S  
( 2 4 )
0 = 0 . 2 2 5
0 , 0 0 1 5  
( 2 4 )
P =C .49 7
0 . 1 3 3 3  
( 2 5 )
P = 0 . 2 6 3
- 0 . 3 7 4 5  
C 2 5 )  
F = C i0 33
0 . 1 7 7 6  
( 2 5 )
P * 0 . 1 9 9
0 , 2 5 3 0  
( 2 5 )
P= 0 . 1 1 1
0 . 1 6 3 6  
f 2 5 )  
P = 0 . 2 1 7
BROPOP22
0 * 5 0 1 4  
( 21 ) 
P = 0 , 0 1 0
0 . 0 4 8 6  
( 2 4 )
P = 0 . 4 1 1
- 0 . 1 6 4 6  
(  ̂ 24 )  
P = 0 , 2 2 1
0 . 2 0 1 7  
( 2 4 )
P = 0 , 1 7 2
0 . 0 3 2 8  
( 24 )
P = 0 , 4 3 9
0 . 0 1 1 3  
( 2 5 )
P * 0 i 4 7 9
- 0 , 2 5 3 2
P = 0 , 1 0 6
( " i n
P=0 ,2 71
0 . 3 8 8 4  
( 25 )
P = 0 . 0 2 8
0 . 0 6 4 4  
( 2 5 )
P=0.3B0
BRDP0P31
0 • 4 9 4 6  
( 21) 
Pp O.011
0 . 0 0 3 8  
( 24 )
P = 0 . 4 9 3
- 0 , 2 9 9 4  
( 2 4 )
F = 0 . 0 7 b
0 . 5 2 3 3  
( 2 4 )
P = 0 . 0 0 4
0 . 3 9 7 8  
( 2 4 )
F = 0 , 0 2 7
—0 . 2 4 8 6  
(  25 )
P = 0 , 1 1 5
- 0 , 3 1 2 5  
( 25 )
F = 0 . 0 6 4
- 0 . 3 5 0 9  
( „ 25 )  
P = 0 . 0 4 3
- 0 , 0 0 6 3  
( 2 5 )
F = 0 . 4 8 8
- 0 . 3 0 2 9  
( 25 )
P =0 ,0 71
6ROCD21
- 0 . 1 4 5 6  
( 8)
P=0 .3 6S
- 0 * 2 4 9 7  
( 8)
P = 0 , 2 7 5
- 0 * 0 1 2 5
P = 0 . 4 8 8
P = 0 , 2 9 0
0 . 5 8 7 6  
( S)
P=0.C6 3
0 . 0 7 2 0  
( 8)
P = 0 f4 3 3
0 . 0 2 9 2  
( 8)
P = 0 , 4 7 3
- 0 . 4 1 0 5  
( 8)
P = 0 . 1 5 6
- 0  * 0 645  
( 8)
P = 0 . 4 4 0
- 0 * 0 5 9 0  
( 8)
P = 0 , 4 4 S
BROOD22
- 0 . 7 3 1 5  
( 7)
P=0.U31
- 0 , 2 1 6 1  
( 10) 
. P = 0 *2 7 4
- 0 , 1 4 4 8  
( 10 ) 
P = 0 *3 4 5
0 , 0 9 2 3  
( 10 ) 
P = 0 . 4 0 0
0 , 2 6 3 6  
( 10 ) 
P = 0 , 2 3 1
—0 . 0 6 9 7  
< 1 1 ) 
P = 0 . 4 1 9
0 . 1 3 1 8  
( 11 ) 
P = 0 . 3 5 0
- 0 , 1 5 9 0  
( 1 1 ) 
P = 0 . 3 2 0
0 , 1 7 9 5  
( 1 1 ) 
P = 0 . 2 9 9
0 . 0 3 7 2  
< 11) 
P * 0 . 4 5 7
BROOD31
0 . 3 9 1 5  
( 2 1 ) 
P = 0 . 0 4 0
“ 0 . 1 4 6 0  
(  2 4 )
P = 0 , 2 4 8
- 0 . 4 5 5 5  
( 2 4 )
P » 0 , 0 1 3
0 . 3 9 6 0  
( 2 4 )
P = 0 . 0 2 8
0 . 2 2 0 8  
( 2 4 )
P = 0 . 1 50
-0 ,4904  
( 2 5 )
P =C .0 06
- 0 . 4 6 1 0
( 2 5 )
P = 0 . 0 1 0
- 0 . 2 2 7 1  
( 2 5 )
P = 0 , 1 3 8
0 . 4 1 5 8  
( 2 5 )
P = 0 . 0 1 9
- 0 .3 4 4  6 
( 2 5 )
P = 0 , 0 4 6
LNEST31 HIHNOVI LOWNOVI
- 0 . 2 8 0 8  
( 21 ) 
P = 0 . 1 0 9
- 0 , 1 8 4 0  
( 2 4 )
P = 0 . 1 9 5
0 , 0 6 3 7  
( 2 4 )
P * 0 , 3 7 5
—0 . 1 8 2  0 
( 24 )
P = 0 . 1 9 7
0 . 0 8 8 1  
( 2 4 )
P = 0 . 5 4 1
0 . 4 1 6 8  
{ 2 5 )
P = 0 . 0 1 9
0 . 6 9 8 3  
( 2 5 )
P = 0 . 0 0 0
- 0 . 1 6 2 1  
f 2 5 )  
P = 0 . 2 1 9
- 0 . 8 0 6 2  
( 25 )
P = 0 . 0 0 0
0 . 1 4 0 0  
( 2 5 )
P = 0 , 2 5 2
- 0 * 0 2 4 3  
< 2 5 )
P = 0 . 4 5 l
0 * 1 3 6 6  
( 2 8 )  
P = 0 , 2 4 4
- 0  . 0 6 4 8  
(  2 8 )  
P = 0 . 3 7 2
0 * 0 2 0 8  
( 2 8 )  
P = 0 * 4 5 8
- 0 . 1 8 6 1  
( 2 8 )  
P = 0 . 1 7 1
—0 . 2 7  44  
( 2 8 )  
P = 0 . 0 7 9
- C . 1 2 6 8  
( 2 8 )  
P = 0 , 2 6 0
- 0 . 1 2 2 0  
( 2 8 )  
P = 0 . 2 6 8
0 . 0 4 6 3  
( 2 8 )  
P = 0 . 4 0 7
- 0 . 2 4 0 2  
( 2 5 )
P = 0 , 1 2 4
- 0 . 1 3 9 0  
< 2 5 )
P = 0 , 2 5 4
0 . 2 4 8 9  
( 2 8 )  
P= 0 *1 0 1
0,2111  
C 2 8 )  
P = 0 . 1 4 0
- 0 , 1 3 5 3  
( 2 8 )  
P = 0 . 2 4 6
- 0 , 2 6 8 9  
( 2 3 )
P = 0 . 0 8 3
- 0 . 1 8 5 5  
( 2 8 )  
P = 0 .1 7 2
—0 . 0 2 0 4  
( 2 8 )  
P = 0 . 4 S 9
- 0 , 0 5 7 5  
(  2 8 )  
P = 0 , 3 8 6
0 . 0 0 5 1  
( 2 8 )  
P « 0 . 4 9 0
- 0 . 2 9 3 8
P = 0 , 0 7 7
(COEFFICIENT /  (CASES) /  SIGNIFICANCE) (A VALUE OF 9 9 . 0 0 0 0  IS PRINTED IF  A COEFFICIENT CANNOT BE COMPUTED)
ro
ISJ












1 , 0 0 0 0  
( ?5)
P = « * * * *
0 , 6 A 6 2  
( .  2 5 )  
9 = 0 . 0 0 0
0 . 5 9 3 6  
( 2 5 )
P = 0 , 0 0 1
- 0 , 2 3 5 0  
(  ?5)
P = 0 , 1 2 9
0 , 0 2 7 3  
( 8) 
P = 0 , A 7 4
0 , 2 3 5 5  
( „ 11) 
P=C,?A3
0 , 0 5 8 9  
( 2 5 )
P = 0 , 3 9 0
- 0 , 4 4 8 8  
( 2 5 )
F = 0 . 0 1 2
- 0 , 1 3 5 9  
(  ̂ 2 5 )  
P * 0 , 2 5 9
- 0 , 5 3 1 9  
( 2 5 )
9 = 0 , 0 5 3
BRDP0P21
0 . 6 4 6 2  
( 2 5 )
F=0,000
1 , 0 0 0 0  
( 2 5 )p=#****
0 , 6 6 2 8  
( 2 5 )
P «0 ,0 C 0
0 , 2 7 1 7  
( 2 5 )
P = 0 , 0 9 4
- 0 , 0 9 0 3  
( 3 )
P = 0 , 4 1 6
- 0 , 2 6 6 2  
( 11) 
9 = 0 , 1 9 7
0 , 2 0 7 2  
( 2 5 )
P = 0 , 1 6 0
- 0 , 2 3 3 4  
( 2 5 )
P » 0 ,1 3 1
- 0 , 2 4 2 3  
( 2 5 )
P * 0 , 1 2 2
- 0 , 3 5 3 7  
( 2 5 )
P=0,C41
8R0P0P22 6RD*0P31 BR00021
0 , 5 9 3 6  
( 2 5 )
P = 0 . 0 0 1
0 , 8 6 2 8  
( 25 )
PsO.OOO
1 , 0 0 0 0  
( 2 5 )
P = * * # * *
P = 0 , 1 4 8
0 . 1 9 4 9  
( 8) 
P = 0 , 3 2 2
- 0 . 2 0 1 6
PsO. 276
P = 0 . 0 4 2
- 0 , 3 7 4 7  
< 2 5 )
P = 0 . 0 3 3
- 0 . 2 3 8 0  
( 2 5 )
P = 0 . 1 2 6
- 0 , 3 4 2 9  
( 25 )
P = 0 . 0 4 7
- 0 , 2 3 5 0  
( 2 5 )
P=0«129
0 , 2 7 1 7  
( 2 5 )
P = 0 , 0 9 4
0 , 2 1 7 3  
( 2 5 )
P = 0 , 1 4 8
1 , 0 0 0 0
< 2 5 )f =****#
- 0 , 0 3 5 9  
( 8) 
P = 0 , 4 6 6
- 0 , 6 9 1 6  
( 11) 
P = 0 , 0 0 9




P =0 ,4 6 8
- 0 , 0 5 2 9
< 25 )  
P= 0 , 4 0 1
- 0 . 2 0 5 1  
( 25 )
P = 0 , 1 6 3
0 * 0 2 7 3  
(  ̂ 8) 
P = 0 , 4 7 4
- 0 , 0 9 0 3  
( 8)
P = 0 , 4 1 6
0 , 1 9 4 9  
( 8)
P = 0 , 3 2 2
- 0 , 0 3 5 9  
( 8)
P = 0 , 4 6 6
1 , 0 0 0 0  
( 8)
P = * # * * *
- 0 , 2 9 9 8  
( 5 )
P =0 .3 12
- 0 , 6 9 4  0 
( 8)
P = 0 , 0 2 8
0 , 2 9 4 9  
( 8)
F = 0 , 2 3 9
- 0 , 7 1 3 7  
(  ̂ 8)
P » 0 . 0 2 3
0 , 3 5 0 5  
( 8)
P = 0 , 1 9 7
BR00022
0 , 2 3 5 5  
( 11) 
P = 0 , 2 4 3
- 0 , 2 8 6 2  
( 11) 
P = 0 , 1 9 7
—0 , 2 0 1 6  
( 11) 
P = 0 *2 7 6
- 0 , 6 9 1 8  
( 11) 
P = 0 , 0 0 9
- 0 , 2 9 9 8  
( 5 )
P * 0 , 3 1 2
1 ,0000  
( 11) 
P = * * # * *
0 , 5 3 0 8  
( 11 ) 
P = 0 , 0 4 6
- 0 , 2 6 3 8  
( 11) 
P = 0 , 2 1 7
- 0 . 1 5 3 7  
( 11 ) 
P * 0 , 3 2 6
- 0 , 3 9 3 1  
C 11 )  
P = 0 , 1 1 6
BR00031
0 , 0 5 8 9  
( 2 5 )
P = 0 , 3 9 0
0 , 2 0 7 2
P = 0 , 1 6 0
P = 0 , 0 4 2
0 , 5 8 2  0 
( 2 5 )
psO.OOl
- 0 , 6 9 4  0 
( 8) 
P = 0 , 0 2 8
0 , 5 3 0 8  
< 11) 
P = 0 , 0 4 6
1 , 0 0 0 0  
( 2 5 )
P = * # * * *
- 0 , 5 5 5 4  
( 2 5 )
P = 0 , 0 0 2
- 0 , 1 6 9 7  
( 2 5 )
P = 0 , 2 0 9
- 0  # 3620  
( 2 5 )
P = 0 , 0 3 8
LMEST31
- 0 , 4 4 8 8  
( 2 5 )
P = 0 , 0 1 2
- 0 , 2 3 3 4  
( 2 5 )
P = 0 , 1 3 1
- 0 , 3 7 4 7  
( 2 5 )
P = 0 , 0 3 3
-0,0168 
( 2 5 )
P * 0 , 4 6 6
0 , 2 9 4 9  
C 8)  
P s 0 , 2 3 9
- 0 , 2 6 3 8  
( 11) 
P = 0 , 2 1 7
- 0 , 5 5 5 4  
( 2 5 )
P = 0 , 0 0 2
1 ,0 0 0 0  
( 2 5 )
0 . 0 5 9 5  
( 2 5 )
P = 0 , 3 8 9
- 0 , 0 2 6 0  
( 2 5 )
P = 0 , 4 5 1
HIHNOVI
- 0 , 1 3 5 9  
( 2 5 )
P = 0 , 2 5 9
- 0 , 2 4 2 3  
( 2 5 )
P = 0 , 1 2 2
P = 0 , 1 2 6
- 0 , 0 5 2 9  
( 2 5 )
P = 0 , 4 0 1
- 0 , 7 1 3 7  
( 8) 
P = 0 , 0 2 3
- 0 , 1 5 3 7  
( 11) 
P s 0 , 3 2 6
- 0 , 1 6 9 7  
( „ 2 5 )  
P = 0 , 2 0 9
0 , 0 5 9 5  
( 2 5 )
P = 0 , 3 8 9
1 ,0000  
( 2 9 )
P s * * * * #
0 , 7 6 3 3  
< 2 9 )
PsO.OOO
LOVNOVI
- 0 , 3 3 1 9  
( 2 5 )
P s 0 , 0 5 3
- 0 , 3 5 3 7  
(  2 5 )
P=C, 041
- 0 , 3 4 2 9  
( 2 5 )
P = 0 , 0 4 7
- 0 , 2 0 5 1  
( 2 5 )
P = 0 , 1 6 3
0 , 3 5 0 5  
( 8) 
P s 0 , 1 9 7
- 0 , 3 9 3 1  
< 11) 
P = 0 , 1 1 6
- 0 , 3 6 2 0  
( 2 5 )
P = 0 , 0 3 8
- 0 , 0 2 6 0  
( .  2 5 )  
P = 0 , 4 5 1
0 , 7 6 3 3  
< 2 9 )
P = 0 , 0 0 0
1 ,0000  
C 2 9 )  
p s * * # * *
(COEFFICIENT /  (CASES) /  S IGNIFICANCE) (A VALUE OF 9 9 , 0 0 0 0  IS  PRINTED IF  A COEFFICIENT CANNOT BE COMPUTED)
row
- B E A R S O N  C O R R E L A T 1 0 N C 0 E F F 1 C I E M T S
BRDP0P12 6RDP0P21 BROPOP22 BROPOP31 BR90C21 BR00022 BROOD31 LNEST31 HIHNOVI lOWNOVI
HEDNOVl - 0 . 2 4 3 2 - 0 . 2 5 6 0 - 0 . 3 2 7 0 - 0 . 1 5 1 3 - 0 . 4 8 7 4 - 0 . 2 9 4 2 - 9 . 2 7 2 0 0 . 0 0 4 0 0 , 9 1 3 0 0 . 9 3 7 4
( 25) ( 25 ) ( 2 5 ) ( 25 ) ( 8 ) ( 1 1 ) ( 2 5 ) ( 2 5 ) ( 2 9 ) (  ,  2 9 )
P=0,121 p a p . 0 6 0 P - 0 . 0 3 0 F - 0 . 2 3 S P - 0 . 110 P - 0 , 190 P - 0 , 094 P - 0 . 492 P - 0 . 000 p * o * o o o
PRENOVl - 0 . 0 9 3 9 - 0 . 1 5 4 8 - 0 . 0 0 6 6 - 0 , 1 2 7 3 0 . 8 6 7 5 - 0 . 2 6 2 6 - 0 . 2 2 8 1 - 0 , 1 5 4 2 0 . 0 3 7 6 0 . 4 2 8 9
( 25 ) ( 2 5 ) ( 2 5 ) ( 25 ) ( 8 ) ( 11 ) ( 2 5 ) ( 2 5 ) ( 2 9 ) ( 2 9 )
P = 0 , 3 2 * P * 0 . 2 3 0 P - 0 . 438 P - 0 .2 72 P - 0 , 003 P - 0 . 218 P - 0 . 136 P - 0 . 231 P - 0 . 423 P - 0 . 010
DAYNOVI - 0 . 1 1 5 8 —0 . 0 4 7 6 - 0 . 0 7 0 9 0 , 0 1 2 7 0 . 7 3 4 9 0 . 0 8 9 4 - 0 . 0 5 0 2 0 , 2 1 5 3 - 0 . 6 1 5 4 - 0 . 4 4 8 7
(  ̂ 25 ) f 2 5 ) ( 2 5 ) ( 25 ) ( 8 ) ( 1 1 ) ( 2 5 ) ( 2 5 ) ( 2 9 ) < 29)
PaO.291 P * 0 . 4 1 1 P - 0 . 368 P-0 .4 % 6 P - 0 . 019 P - 0 . 397 P - 0 . 406 P - 0 . 151 P - 0 . 000 P - 0 . 007
DINNOVI - 0 . 1 1 1 9 - 0 . 0 4 7 0 - 0 . 0 6 0 3 - 0 . 0 5 6 1 0 . 7 3 4 9 0 , 1 6 6 3 - 0 . 0 3 4 0 0 . 2 1 6 6 - 0 . 5 8 3 5 - 0 . 4 5 0 0
( 2 5 ) ( 25 ) ( 25 ) ( 25 ) ( 8 ) ( 1 1 ) ( 2 5 ) ( 2 5 ) ( 2 9 ) ( 2 9 )
P = 0 . 2 9 7 P = 0 . 4 1 2 P - 0 . 387 P - 0 . 395 P - 0 , 019 P - 0 . 312 P - 0 . 436 P - 0 . 149 P - 0 . 000 P - 0 . 007
HIHOECl - 0 . 1 9 2 5 - 0 . 1 4 7 1 - 0 . 0 6 2 6 0 . 1 1 7 2 0 . 6 7 5 3 - 0 . 0 2 4 6 - 0 . 0 2 4 2 0 . 1 6 3 3 0 . 2 4 5 3 0 , 2 2 5 2
( 2 5 ) ( 25 ) ( .  2 5 ) ( 25 ) ( 8 ) ( 11 ) ( 2 5 ) ( 2 5 ) { 2 9 ) ( 2 9 )
P » 0 . 1 7 8 PsO.241 P - 0 , 383 P - 0 , 288 P - 0 , 033 P - 0 . 471 P - 0 , 454 P - 0 . 218 P - 0 . 100 P - 0 . 120
L0WDEC1 - 0 . 0 7 2 8 - 0 11926 - 0 . 0 4 9 9 0 . 0 6 4 6 0 . 5 9 1 2 0 . 1 9 8 6 0 . 1 1 3 9 - 0 . 1 8 0 9 0 . 3 1 5 9 0 . 3 0 5 3
( 25 ) ( 25 ) ( 25 ) < 25) ( 8 ) ( 1 1 ) ( . 2 5 ) (  ̂ 2 5 ) ( 2 9 ) ( 2 9 )
P - 0 . 3 6 5 P * 0 . 1 7 8 P - 0 , 406 P - 0 . 379 P - 0 . 061 P - 0 . 279 P - C . 2 9 4 P - 0 , 193 P - 0 . 0 4 0 P - 0 . 054
MED0EC1 - 0 . 1 3 3 8 - 0 . 1 7 7 5 - 0 . 0 5 8 6 0 . 0 9 2 9 0 . 6 4 0 7 0 , 0 9 9 7 0 . 0 4 9 2 - 0 . 0 1 8 9 0 . 2 9 1 2 0 . 2 7 5 5
( 2 5 ) ( 2 5 ) ( 2 5 ) ( 25 ) ( 8 ) ( 11 ) ( 2 5 ) ( 2 5 ) ( 2 9 ) ( 2 9 )
P =0 .2 62 Ps O.198 P - 0 . 390 P - 0 . 329 P - 0 . 043 P - 0 . 385 P - 0 . 408 P - 0 , 464 P - 0 . 063 P - 0 . 074
PREDEC1 - 0 . 1 3 6 8 0 . 1 1 8 0 0 . 0 8 3 2 0 . 0 5 7 4 0 . 6 0 8 9 - 0 . 2 5 8 5 - 0 . 1 0 8 5 - 0 . 0 7 8 2 - 0 . 2 3 2 5 0 . 0 2 1 3
f 25) ( 2 5 ) { 2 5 ) ( 25 ) ( 8 ) < 11) < 2 5 ) ( 2 5 ) ( 2 9 ) ( 2 9 )
P » 0 . 2 5 7 P - 0 . 287 P - 0 . 346 P - 0 , 393 P - 0 . 055 P - 0 . 221 P - 0 , 303 P - 0 . 355 P - 0 . 112 P - 0 . 4 5 6
DAY0EC1 0 . 1 2 6 0 0 . 1 2 0 1 0 . 1 0 2 8 - 0 . 0 5 8 2 - 0 . 3 4 6 3 - 0 . 0 0 7 8 0 , 0 7 4 2 - 0 . 1 2 7 4 - 0  . 4 0 0 6 - 0 . 3 8 2 9
( 25) < 2 5 ) ( 2 5 ) ( 25 ) ( 8 ) ( 11 ) ( 2 5 ) ( .  2 5 ) ( 2 9 ) ( 2 9 )
P * 0 . 2 7 4 P - 0 . 284 P - 0 . 312 P - 0 . 391 P - 0 . 200 P - 0 . 491 P - 0 , 362 P - 0 . 272 P - 0 . 016 P - 0 . 020
DIKDEC1 0 . 0 8 9 7 0 .1 4 0 1 0 . 0 8 5 8 - 0 , 1 1 1 0 —0 .0 6 4 1 - 0 . 3 1 1 8 - 0 . 0 1 9 7 - 0 , 1 5 8 1 - 0 . 3 8 7 1 - 0 . 1 4 7 9
( 25) (  2 5 ) ( 2 5 ) ( 25 ) ( 8 ) ( 11 ) ( 2 5 ) (  25 ) ( 2 9 ) (  2 9 )
P = 0 . 3 3 5 P - 0 . 252 P - 0 , 342 F - 0 . 2 9 9 P - 0 . 440 P - 0 . 175 P - 0 , 463 P - 0 . 225 P - 0 . 019 P - 0 . 222
(COEFFICIENT /  (CASES) /  SIGNIFICANCE) (A VALUE OF 9 9 . 0 0 0 0 IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)
IS )
P E A R S O N  C O R R E L A T I O N  C O E F F I C I E N T S








P = 0 , 2 8 7
0 , 0 9 8 2  
( ?5)
‘>=0 ,32 0
0 , 1 0 7 9  
( 2 5 )
P = 0 . 3 0 4
- 0 , 2 3 9 7  
( 2 5 )
P=C .124
0 , 0 2 8 2  
( 25 )
P = 0 , 4 4 7
- 0 , 0 1 2 4  
( 25 )
P = 0 , 477
- 0 , 0 5  76 
( 2 5 )
F = 0 , j 9 2
- 0 , 1 4 6 3  
(  ̂ 2 5 )  
P = 0 , 2 4 3
- 0 , 1 0 6 8  
( 2 5 )
P = 0 , 3 0 6
- 0 , 0 3 5 9
P = 0 , l 3 2
P = C ,2 6 4
0 . 1 2 1 2  
( 2 5 )
P * 0 , 2 8 2
- 0 , 0 2 7 5  
( 2 5 )
P = 0 , 4 6 8
- 0 , 1 1 7 4
P = 0 , 2 8 8
- 0 . 0 7 7 2
P = 0 , 3 5 7
0 , 1 2 8 4  
( 2 5 )
P = 0 , 2 7 0
0 , 1 0 3 7  
( 2 5 )
P = 0 , 3 1 1
0 , 1 3 0 5  
( 2 5 )
P = 0 , 2 6 7
0 , 1 6 2 9  
( 2 5 )
F = 0 , 2 1 8
0 . 0 4 9 8  
( 25 )
P = 0 , 4 0 7
0 , 1 0 3 1  
( 25 )
P =0 , 3 1 2
0 . C 3 3 3  
{ 2 5 )
P = 0 , 4 3 7
- 0 , 2 6 1 9  
( 25 )
P = 0 , 1 0 3
- 0 . 3 3 8 4  
( 2 5 )
P =C ,04 9
- 0 , 6 2 1 4  
( 8) 
P = 0 . 0 5 0
- 0 , 5 ? 6 3  
( 8)
P = 0 . 0 6 7
- 0 , 6 0 4 2  
( 8)
P = 0 , 0 5 6
- 0 , 4 5 5 5  
( 8)
P = 0 , 1 2 8
0 , 6 5 4 6  
( 8)
P = 0 . 0 3 9




0 , 1 1 7 1  
< 11 ) 
P = 0 , 3 6 6
0 . 2 7 9 8  
( 11 ) 
P = 0 . 2 0 2
0 . 2 0 3 2  
( 11 ) 
P = 0 , 2 7 5
0 , 6 6 4 1  
( 11) 
P = 0 . 0 1 3
0 , 3 6 5 4  
( 11) 
P * 0 , 1 3 5
0 . 0 8 7 3  
( 11) 
P = 0 , 3 9 9
BR00031
0 , 3 7 7 3  
( 2 5 )
P= 0 .0 31
0 . 3 7 1 9
PsO.034
( * '1 %
F = 0 , 0 3 1
0 . 2 6 8 4  
( 2 5 )
P = 0 , 0 9 7
- 0 , 3 6 4 1  
( 2 5 )
P = 0 , 0 3 7
- 0 , 3 1 7 3  
( 2 5 )
P =0 .0 61
LNEST31
—0 . 4 0 4 8
( 2 5 )
P = 0 , 0 2 2
- 0 , 4 4 9 8  
( 2 5 )
P = 0 , 0 1 2
- 0 . 4 3 1 9  
( 2 5 )
P = 0 , 0 1 6
0 , 1 0 7 8  
( 2 5 )
P = 0 , 3 0 4
0 , 2 3 6 0  
( 2 5 )
P * 0 . 1 2 8
0 , 1 0 0 0  
( 2 5 )
P = 0 . 3 1 7
HIHNOVI
0 , 3 3 5 1
P « 0 . 0 3 8
P * 0 . 0 3 7
0 , 3 3 8 9  
( 2 9 )
P = 0 , 0 3 6
- 0 , 1 6 2 8  
( 2 9 )
Ps O . 1 9 9
- 0 , 2 6 4 2  
( 2 9 )
P « 0 . 0 8 3
- 0 . 4 8 1 2  
( 2 9 )
P = 0 . 004
LOVNOVI
0 . 1 0 1 6  
( 2 9 )
P = 0 , 3 0 0
0 , 1 5 9 8  
(  2 9 )
P = 0 , 2 0 4
0 , 1 3 3 8  
(  2 9 )
P = 0 , 2 4 5
- 0 . 2 6 0 9  
(  2 9 )
P = 0 , 0 8 6
- 0 . 0 2 9 0  
(  2 9 )
P « 0 . 4 4 1
—0.0619 
(  2 9 )
P « 0 , 3 7 5
(COEFFICIENT /  (CASES) /  S IGNIF ICANCE)  (A VALUE OF 9 9 , 0 0 0 0  IS PRINTED IF  A COEFFICIENT CANNOT BE COMPUTED)
N)Ln












0 * 6 9 9 3  
(  ̂ 28) 
P = 0 . 0 0 3
0 *3 2 3 7  
( 27 )
P = 0 , 0 0 3
- C . 2 1 9 3  
( 13)
PaO#236
- 0  *#03 6  
( 9 )
P=C.161
0 * 1 7 0 9  
( 2 8 )  
P=0*192




- 0 . 0 8 2 6  
( 2 8 )  
P=0*338
- 0 * 0 8 2 6  
( 28 )  
P=0* 338
- 0 * 1 1 6 6  
( 25 )
P=C*290
0 . 3 7 5 7  
< 28 )  
P=0* 026
0 * 6 o 5 6  
( 2 7 )
P=O.U07
0*0 1 9 7  
( 13 )
F - 0  *6 75
0 * 1367  
( 9 )
P =0 *3 65
0 *0 0 9 6  
( 2 8 )  
P=0*681
0 * 0 7 1 6
P = 0 , 3 6 7
P =0 *2 66
- 0 . 3 5 1 1  
( 2 8 )  
P « 0 * 0 3 3
- 0 * 3 5 1 1  
( 2 8 )  
P - 0 . 0 3 3
- 0 * 0 5 5 5  
(  2 5 )
P - 0 . 3 9 6
- 0 . 2 7 0 3  
( 28 )  
P * 0 * 0 8 2
- 0 * 2 0 6 2  
( 27 )
P» 0* 153
- 0 * 1 9 6 6  
( 13 )
P - 0 . 262
0 * 1 3 7 8  
( 9 )
P *0 *3 6 2
- 0 . 3 3 0 1  
( 28 )  
P=0* 063
- 0 , 3 3 9 5  
P.( 2L =O,068
- 0 * 3 2 5 5  
( 2 5 )
P = 0 *0 5 6
- 0 * 0 5 1 3  
( 28 )  
P »0*39 8
- 0 * 0 5 1 3  
( 28 )  
PsO.398
0 * 0 2 7 7  
< 25 )
P « 0 , 6 6 8
DINNOVI
- 0 . 2 5 7 1  
( 28 )  
P = 0 , 0 9 3
-0 * 1 9 1 2  
( 27)
F * 0 . 1 7 0
- 0 * 1 3 1 6  
( 13 )
P=0*336
0 *1 1 6 6
( 9 )
P - 0 *383
- 0 . 3 3 2 3  
( 28 )  
F - 0 . 0 4 2
- 0 * 3 6 7 2  
( 25 )
F - 0 . 0 3 S
- 0 * 3 6 2 8  
( 25 )
P=0*037
—0 . 0 2 6 2  
( 28 )  
F - 0 . 6 5 1
- 0 * 0 2 6 2  
( 28 )  
P=0*651




- 0 * 1 1 9 6  
( 28 )  
P=0*272
- 0 * 1 0 7 6  
( 27 )
P=0*297
- 0 . 0 3 7 6  
( 13 )
P=0*652
0 *2 3 1 9  
( 9)
P=0*276
0 * 1 6 3 6  
( 28 )  
P *0 *? 33
- 0 * 0 1 5 7  
( 25 )
P=0*670
- 0 * 0 2 8 6  
( 25 )
PsO*666
0 *0 9 3 6  
( 28 )  
P . 0 . 3 1 8
0 . 0 9 3 6  
( 28 )  
P - 0 . 3 1 8
- 0 *  1666 




( 2 8 )  
P=0*390
0 * 0 2 6 5  
( 2 7 )
P - 0 . 6 6 8
- 0 * 0 6 0 8  
( 13 )
P - 0 , 6 6 7
0 * 3588  
( 9 )
P-0  *172
0* 2676  
( 2 8 )  
P - 0 . 0 8 6
0*1101
p-o*loo
0 *0 1 6 0  
( 2 5 )
P - 0 . 6 7 0
- 0 * 1 5 9 9  
( 28 )  
P - 0 , 2 0 8




0 * 1 3 6 3
2 5 )
- 0 . 2 5 8
NEDOECI
- 0 * 0 2 7 6  
( .  28 )  
P - 0 . 6 6 5
- 0 * 0 3 6 6  
( 2 7 )
P - 0 . 6 2 8
- 0 , 0 6 2 5
P - 0 . 6 6 5
P - 0 . 2 0 3
p - 0 . 136
0 * 0 5 1 2  
( 25 )
P - 0 . 6 0 6
- 0 * 0 0 6 0  
( 2 5 )
P - 0 . 689
- 0 , 0 6 3 5  
( 2 8 )  
P - 0 , 613
- 0 * 0 6 3 5  
( 2 8 )  
P - 0 . 6 1 3
- 0 * 1 6 6 5  
( 2 5 )
P»0*2 65
PREDEC1
- 0 * 0 3 9 5  
( 2 8 )  
P - 0 . 6 2 1
0 * 0 1 3 5
P - 0 . 673
- 0 * 6 0 0 5  
( 13 )
P - 0 , 088
- 0* 1  (
P - 0 , 329
- 0 * 1 6 6 2  
( 2 8 )  
P - 0 . 2 2 9
- 0 *  2366  
( 2 5 )
P - 0 . 129
- 0 . 2 1 9 1  
( 2 5 )
P - 0 . U 6
— 0 * 3608  
( 28 )  
P - 0 . 0 3 0
—0 * 3608  
( 2 8 )  
P - 0 . 0 3 0
0 , 0 5 9 1  
( 2 5 )
P - 0 . 3 9 0
DAYDEC1
0 * 0 9 6 9  
( 2 8 )  
P - 0 . 312
0 * 0 7 5 9  
(  2 7 )
P - 0 . 353
0 * 1 9 1 6  
( ,  1 3 )  
P - 0 , 265
0 * 0561  
( 9 )
P - 0 , 663
- 0 * 0 9 9 3  
( 2 8 )  
P - 0 . 308
- 0 * 0 2 8 2  
( 2 5 )
P - 0 , 667
- 0 * 0 7 9 6  
( 2 5 )
P - 0 , 353
- 0 * 1 3 5 8  
( 2 8 )  
P - 0 , 265
- 0 * 1 3 5 8  
( 2 8 )  
P - 0 , 265
0 * 0 9 3 2  
( 2 5 )
P - 0 , 329
01N0EC1
0 * 2 1 8 3
P - 0 * ? 3 2
P * 0 * 1 1 9
0 , 1 1 8 6  
( 13 )
P « 0 * 3 5 0
- 0 * 1 7 9 7  
( 9 )
P - 0 , 322
- 0 , 0 3 9 6  
( 2 8 )  
P - 0 , 6 2 1
- 0 , 0 0 0 9
I I IP - 0 *698
- 0 , 0 0 3 0  
( 2 5 )
P - 0 . 6 9 6
- 0 , 1 9 2 8  
( 2 8 )  
0 - 0 * 1 6 3
- 0 * 1 9 2 8  
(  2 8 )  
P - 0 * 163
- 0 * 0 9 3 5  
< 2 5 )
P - 0 . 328
(COEFFICIENT /  (CASES) /  SIGNIFICANCE) (A VALUE OF 9 9 * 0 0 0 0  IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)
N)
- P E A R S O N  C O R R E L A T I 0 N C 0 E F F I C I E H T S
h f o n o v i PRENOVl ÛAYN0V1 DINNOVI HIHDECI LOWOEC1 NEDOECI PREDEC1 DAYDECI D1N0EC1
RRESTOR - 0 11164 - 0 * 0 5 5 5 0 * 0 2 7 7 0*0 0 7 3 - 0 . U 6 Ô - 0 * 1 3 6 2 - 0 , 1 * 4 5 0 *0 591 0 * 0 9 3 2 - 0 , 0 9 3 5
( 2 5 ) ( 2 5 ) ( 25 ) ( 25 ) ( 25 ) ( 25 ) ( 2 5 ) ( 25 ) (  ̂ 2 5 )
P . O . 290 P » 0* 396 P = 0 . * * 8 F =0 * *86 P = 0 , 2 * 5 P=0*25 8 P = 0 * 2 * 5 P =0 *3 90 P * 0 , 3 2 9
n AP = 0 , 3 2 8
IDAHO C .1 9 5 9 0 . 1 5 3 2 - 0 . 1 5 5 8 - 0 , 1 5 * 9 0 , 0 2 6 * 0 * 1 0 9 6 0 .0 7 3 1 0 * 1 3 3 2 0 * 0 0 3 9 0 , 1 5 1 1
( 2 8 ) ( 28 ) ( 2 8 ) ( 28) ( 28 ) ( 2 8 ) ( 2 3 ) ( 2 8 ) (  ̂ 2 8 ) (  ̂ 2 8 )
P . O . 159 P=0* 216 P = 0 . 2 1 * P=0*216 P = 0 * 4 * 7 P=0 *2 89 P=0 * 356 P =0 *2 50 P . O . * 9 2 P=0* 221
RIDAHO 0 * 0 9 6 0 0 * 2 * 1 6 0 * 1 3 * 9 0 . 1 3 7 2 - 0 * 1 1 7 5 - 0 * 0 8 2 2 - 0 * 1 0 0 8 0 * 3 9 1 9 0 , 0 8 * 4 0 * 2 3 3 7
( 28) ( 28 ) ( 2 8 ) ( 26 ) ( 23 ) ( 2 8 ) ( 28 ) ( 28 ) ( 2 8 ) ( 2 8 )
P - 0 * 3 U P=0*1 08 P =0*247 P = 0 . 2 * 3 P=0 .Z 76 P=0 *3 39 P= 0 . 3 0 5 P = 0 . 0 2 0 P = 0 , 3 3 5 P = 0 , 1 1 6
CAL - 0 . 0 7 T 2 - 0 . 1 3 3 1 - 0 * 0 0 7 7 - 0  * 0*0  7 0 *2 2 0 0 0 . 3 3 2 7 0 *2 8 8 3 - 0 *  0098 - 0 , 0 8 * * - 0 , 0 8 1 5
( 28) ( 2 6 ) ( 28 ) ( 28 ) ( 28 ) ( 2 8 ) ( 2 8 ) ( 28 ) ( 2 8 ) ( 2 8 )
P . O . 356 P = 0 . 2 * 2 P = 0 . * 8 * F = 0 * * 1 9 P=0*130 P = 0 *0 * 2 p . 0 . 0 6 8 P = 0 * * 8 0 P = 0 , 3 3 5 P = 0 , 3 * 0
RCAL - 0 . 2 3 * 1 - 0 . 1 * 3 9 0 . 2 * 3 9 0*20 21 0 *0 8 9 9 0* 1201 0 *1 0 9 9 0 * 1 2 1 0 0 * 0 * 6 9 - 0 * 0 3 0 9
( 2 8 ) ( 28 ) < 2 8 ) ( 28 ) ( 28 ) ( 2 8 ) ( 2 8 ) ( 28 ) ( 2 8 ) ( 2 8 )
9 = 0 . 1 1 5 P =0 .2 33 P= 0*1 06 P=0.151 P=0.32S P=0*271 P»C*289 P * 0 * 2 7 0 P = 0 , * 0 6 P « 0 , * 3 8
CORN - 0 * 2 7 7 0 - 0 * 0 * 7 3 0 . 2 2 0 6 0 *1 9 7 6 - 0 * 0 7 8 9 - 0 . 2 5 8 8 - 0 * 1 7 9 7 0 , 0 2 * 9 0 * 1 7 1 0 0 , 1 * 7 *
( 28 ) ( 23 ) ( 26 ) ( 23 ) ( 28 ) ( 28 ) ( 2 8 ) ( 2 8 ) ( 2 8 ) ( 2 8 )
F = 0 . 0 7 7 P =0* *C 6 P=0*130 9=0 *1 57 P=0*3*S P=0*092 P . 0 , 1 8 0 P = 0 . * 5 0 P = 0 *1 9 2 P = 0 , 2 2 7
WHEAT - 0 * 0 9 3 6 0 * 0677 0 . 1 0 * 9 0 * 0897 0*2 117 —9 . 0 6 5 * 0 . 0 6 6 6 - 0 , 0 5 7 7 - 0 . 1 * * * - 0 , 0 7 8 8
( 28) < 28) (  ̂ 28 ) ( 23 ) ( 28 ) ( 2 8 ) ( 28 ) ( 28 ) > ( 2 8 ) ( 2 8 )
P =0* ?18 P =0 .3 6b PsO.298 F=0*325 P . O . 1*0 P = 0 . 3 7 0 P=0*368 P » 0 * 3 8 5 P»0«232 P = 0 , 3 * S
9ARI EY - 0 . 1 1 3 6 0 *0 2 1 0 0*0971 0 . 1 3 2 * - 0 . * 6 * 0 - 0 * * 8 0 2 - 0 * * 8 7 1 0 . 1 0 2 1 0 , * * 2 7 0 . 2 5 6 7r 2?) ( 28 ) {  ̂ 28 ) ( 28 ) ( 28 ) ( 2 8 ) ( 2 8 ) ( 2 8 ) ( 2 8 ) (  2 8 )
P * 0 . 2 8 3 P = 0 . * 5 3 P = 0 , 3 1 2 F=0*251 P = 0 , 0 0 6 p . 0 *0 0 5 P = 0 . 0 0 * P » 0 * 3 0 3 p . 0 * 0 0 9 P « 0 * 0 9 *
OATS 0 * 0 1 8 6 0*18 35 - 0 . 1 7 * 7 —0 * 1 9 * 6 - 0 . 2 1 2 0 0 . 0 2 6 2 - 0 * 0 8 9 1 - 0 * 1 0 1 0 0 , 1 8 0 * 0 , 0 7 8 5
( 28) ( 23 ) ( 2 3 ) ( 28 ) ( 28 ) ( 2 8 ) ( 23 ) ( 28 ) ( 2 8 ) ( 2 8 )
9 = 0 , * 6 3 P =0*175 P = 0 . 1 8 7 P=0*161 P=0* 139 p . 0 * * * 7 P =0* 326 P * 0 , 3 0 5 P . O . 179 P = 0 , 3 * 6
BPDPCP11 - 0 . 2 9 * 7 - 0 . 1 8 * 0 0 , 2 5 5 6 0 * 2 6 * 9 - 0 * 1 0 9 3 - 0 * 1 7 3 8 - 0  * 1 *67 0 * 0 3 * 6 0 * 0 0 8 2 - 0 , 1 1 3 5
( 2 5 ) ( 2 5 ) ( 2 5 ) ( 25 ) (  ̂ 25 ) ( 25 ) ( 25 ) ( 2 5 ) (  2 5 ) ( 2 5 )
P=0.Q76 P=0*189 P = 0 . 1 0 9 P=0*100 P=0.301 P =0*203 P = 0 . 2 * 2 P » 0 * * 3 5 P = 0 * * 8 5 P * 0 , 2 9 5
(CCEFFICIEMI■ /  (CASES) /  SIGNIFICANCE) (A VALUE OF 9 9 . 0 0 0 0 IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)
■vj












- 0 . 2 4 3 2  
( 2 5 )
P=0 .1 21
- 0 . 3 5 6 0  
( ,  2 5 )  
P*O.OtO
- 0 . 3 3 7 0  
( 25 )
PxO.OSO
- 0 , 1 5 1 3  
C 2 5 )  
r = 0 . 2 3 5
- 0 . 4 * 7 4
( 4)
PsO.110
- 0 . 2 9 4 2  
( 11 ) 
P * 0 . 1 9 0
- 0 . 2 7 2 0  
( 2 5 )
P = 0 , 0 9 4






0 . 9 3 7 4  
( 2 9 )
PsO.OOO
PRENOVl
- 0 . 0 9 3 9  
( 25 )
PsO.328
- 0 . 1 5 4 8  
( 2 5 )
P= 0 . 2 3 0
- 0 . 0 0 6 6  
( 25 )
P = 0 . 4 8 *
- 0 , 1 2 7 3  
(  25 )
P=0. 2?2
0 . 6 6 7 5  
( * )  
ps C. 003
— 0 . 2 6 2 6  
( 11) 
P = 0 . 2 1 8
- 0 . 2 2 3 1  
( 25 )
psn.136
- 0 . 1 5 4 2  
( 25 )
P * 0 . 2 3 1
9 .  Ü376 
( 2 9 )
P - 0 . 423




- 0 . 1 1 5 8  
( 2 5 )
P * 0 . 2 9 1
- 0 . 0 4 7 6  
C 25 )  
PsO.411
- 0 . 0 7 0 9  
( „ 2 5 )  
PsO.368
0 . 0 1 2 7  
( 2 5 )
PsQ. 476
0 . 7 3 4 9  
( 8) 
PsQ.019
0 . 0 8 9 4  
( 11 ) 
psO.397
- 0 . 0 5 0 2  
( 2 5 )
PsO.406
0 . 2 1 5 3  
( 2 5 )
psO.151
- 0 . 6 1 5 4  
( 2 9 )
PsO.OOO




- 0 . 1 1 1 9  
( 25 )
PsO.297
- 0 . 0 4 7 0  
( 25 )
P s C . 4 l 2
- 0 . 0 6 0 3  
( 2 5 )
Ps O.387
- 0 . 0 5 6 1  
( 25 )
psO.395
0 . 7 3 4 9  
( 8) 
ps C. 019
0 . 1 6 6 3  
( 11 ) 
psO.312
- 0 . 0 3 4 0  
( 25 )
PsO.436
0 . 2 1 6 6  
( 25 )
PsC.149
- 0 . 5 3 3 5  
( 2 9 )
PsO.OOO




- 0 . 1 9 2 5  
( 2 5 )
PsO.178
- 0 . 1 4 7 1  
C 25)  
PsO.241
- 0 . 0 6 2 6  
( 2 5 )
PsO.383
0 . 1 1 7 2  
( 25 )
PsO.288
0 . 6 7 5 3  
( 8) 
PaO.033
- 0 . 0 2 4 6  
( 1 1 ) 
PsO.471
- 0 . 0 2 4 2  
( 2 5 )
Ps 0 .4 S4
0 . 1 6 3 3  
( 25 )
PsC.21 3
0 . 2 4 5 3  
( 29 )
PsO.100
0 . 2 2 5 2  
t 29 )  
PsO.120
L0UDEC1
- 0 . 0 7 2 8  
( 2 5 )
PsO.365
- 0 . 1 9 2 6  
( 25 )
psO.178
- 0 . 0 4 9 9  
( 25 )
psO.406
0 . 0 6 4 6  
( 25 )
P » 0 . 3 7 9
0 . 5 9 1 2  
( 8) 
psO.061
0 . 1 9 8 6
PsC.27^
PsO.294
- 0 . 1 8 0 9  
( 25 )
psO.193
0 . 3 1 5 9  
( 29 )
psO.048




- 0 , 1 3 3 8  
( .  2 5 )  
PsO.262
- 0 . 1 7 7 5  
< 2 5 )
F » 0 . 1 9 8
- 0  .0 5 8 6
PsO.3^0
0 . 0 9 2 9  
( 2 5 )
PsO.329
0 . 6 4 0 7  
( 8) 
PsO.043
0 . 0 9 9 7  
( 1 1 ) 
PsO.385
0 . 0 4 9 2  
( 2 5 )
PsO.408
- 0 . 0 1 8 9  
( 2 5 )
PsO.464
0 . 2 9 1 2  
( 2 9 )
PsO.063
0 .2 7 5 5  
( 2 9 )
PsO.074
PREDEC1
- 0 .13 68
PsO.H}
^ o .im
P « 0 . 2 8 7
0 . 0 8 3 2  
( 2 5 )
psO. 346
0 . 0 5 7 4  
( 2 5 )
P - 0 . 3 9 3
0 . 6 0 8 9  
( 8) 
psO. 055
- 0 . 2 5 8 5  
( 11 ) 
psO.221
- 0 . 1 0 8 5  
< 2 5 )
Ps O.303
- 0 . 0 7 8 2  
( 2 5 )
PsO.355
- 0 . 2 3 2 5  
( 2 9 )
PsO.112




0 . 1 2 6 0
P « 0 . 2 ? i
0.1201 
( 2 5 )
P * 0 . 2 8 A
0 . 1 0 2 8  
( 2 5 )
PsO.312
- 0 . 0 5 8 2  
(  25 )
PsO.391
- 0 . 3 4 6 3  
( 8) 
PsO. 200
- 0 . 0 0 7 8  
( . 11 ) 
PsO.491
0 , 0 7 4 2  
( 2 5 )
PsO.362
- 0 . 1 2 7 4  
( 2 5 )
P - 0 . 2 7 2
- 0 . 4 0 0 6  
< 2 9 )
PsO.016
- 0 . 3 8 2 9  
( 2 9 )
PsO.020
01NDEC1
0 . 0 8 9 7
< 2 5 )  
P - 0 . 3 3 5
0 . 1 4 0 1  
(  2 5 )
p s O . 2 5 2
0 . 0 8 5 8  
( 2 5 )
P sO .3 42
- 0.1110  
(  2 5 )
p s O . 2 9 9





- 0 . 0 1 9 7  
(  2 5 )
p s O . 4 6 3
- 0 . 1 5 8 1
< 2 5 )  
PsO. 225
- 0 . 3 8 7 1  
( 2 9 )
Ps O . 0 1 9
- 0 . 1 4 7 9  
( 2 9 )
P « 0 . 2 2 2
(COEFFICIENT /  (CASES) /  S IGNIFICANCE) (A VALUE OF 9 9 . 0 0 0 0  IS PRINTED IF  A COEFFICIENT CANNOT BE COMPUTED)
NJ
00












1 , 0 0 0 0
< 2 9 )  
P * # * # * *
0 , 2 9 8 4  
( 2 9 )
P » 0 ,0 5 8
- 0 , 5 1 5 9  
( 2 9 )
P « 0 , 00 2
P=0 , 0 0 2
0 , 2 3 9 6  
( 29 )
P«0 ,10 S
0 , 3 3 1 8  
( 2 9 )
P » 0 , 0 3 9
0 , 2 9 7 2  
(  2 9 )
P s 0 ,0 5 9
- 0 , 1 1 3 6  
( 29 )
P * 0 , 2 7 9
- 0 , 3 9 9 4  
( 29 )
P * 0 . 0 1 6
- 0 , 2 5 7 6
< 29)  
P » 0 , 0 8 9
PRENOVl
'■ •“i l lP * 0 * 0 5 8
1 , 0 0 0 0  
( 2 9 )
P»0#093
0 , 1 4 4 0
( 2 9 )
P = 0 , 2 2 8
0 , 2 3 0 9  
( 2 9 )
P * 0 , 1 1 4
0 . 3 5 3 0  
( 2 9 )
P = 0 , 0 3 0
0 ,3 0 4 1  
( 2 9 )
P = 0 , 0 5 4
P « 0 , 0 0 8
- 0 , 0 8 1 2  
( 2 9 )
P = 0 , 3 3 8
0 , 0 5 9 0  
( 2 9 )
P «0 ,38 1
DAYNOVI 
- 0 * 5 1 5 9  
P - 0 , 002
p - 0 , 093
1 ,0000  
( 29 )
p m # * * * *
0 , 9 6 0 6  
( 2 9 )
P - 0 , 000
- 0 , 1 4 2 7  
< 2 9 )
P - 0 , 230
- 0 , 1 4 4 3  
( 29 )
P - 0 , 228
- 0 , 1 4 7 5
P - 0 , 223
P - 0 . 049
p - 0 , 039
0 , 2 0 5 7  
( 2 9 )
P - 0 , 142
DINNOVI
- 0 , 5 1 2 3  
( 2 9 )
P - 0 #002
0 , 1 4 4 0
( 29 )
P - 0 , 228
0 , 9 6 0 6
< 29)  
P - 0 , 000
1,0000
< 29)
p » # * * * *
p - 0 , 109
- 0 , 2 4 7 4  
( 29 )
P - 0 , 098
- 0 , 2 4 9 4
( 2 9 )
P - 0 , 096
0 , 1 9 3 4  
( 2 9 )
P - 0 , 157
0 , 3 8 6 9  
( 29 )
P - 0 , 019
0 , 2 2 4 0  
( 29 )
P - 0 , 121
HIHDECI  
P - 0 , 105  
p - 0 , 114 
P - 0 , 230
P - 0 . 109
1 ,0000  
( 29 )
P m * * * * #
0 , 8 9 1 4  
( 2 9 )
P - 0 , 000
0 , 9 6 8 8  
( 2 9 )
P - 0 , 000
- 0 , 0 6 9 9  
( 2 9 )
P - 0 , 259
- 0 , 8 5 4 4  
( 29 )
P - 0 , 000
- 0 , 6 6 4 7  
( 2 9 )
P-0,COO
L0W0EC1 
P - 0 , 039
p - 0 , 030
- 0 , 1 4 4 3  
(  ̂ 29 )  
P - 0 , 228
- 0 , 2 4 7 4  
( 2 9 )
P - 0 , 098
0 , 8 9 1 4
( 29)
P - 0 , 000
1,0000  
( 2 9 )
p » * * # * *
0 ,9 7 5 9  
( 29 )
P - 0 , 000
0 , 0 5 5 7  
( 29 )
P - 0 , 387
- 0 , 7 6 6 1  
( 29 )
P - 0 , 000
- 0 , 6 2 0 2  
{ 2 9 )
P - 0 , 000
HEDDEC1 
P - 0 , 059
p - 0 , 054
- 0 , 1 4 7 5  
( 2 9 )
P - 0 , 223
- 0 , 2 4 9 4
( 2 9 )
P - 0 , 096
0 , 9 6 8 8  
< 2 9 )
P - 0 , 000
0 , 9 7 5 9  
( 29 )
P - 0 , 000
1,00 00  
( 2 9 )
P m * * * * #
-0  ,002  3 
( 29 )
P - 0 , 495
- 0 , 8 3 0 2  
( 2 9 )
P - 0 , 000
- 0 , 6 5 9 3  
( 2 9 )
P - 0 , 000
PRE0EC1
- 0 , 1 1 3 6  
(  2 9 )
P - 0 . 279
0 , 4 4 1 1  
( 29 )
P - 0 , 008
p - 0 , 049
0 , 1 9 3 4  
( 2 9 )
P - 0 , 157
- 0 , 0 6 9 9  
( 2 9 )
P - 0 , 359
0 , 0 5 5 7  
( 2 9 )
P - 0 . 387
- 0 , 0 0 2 3  
( 2 9 )
P - 0 , 495
1 ,0 000  
< 2 9 )
P m * * * * #
0 , 2 6 2 2  
( 29 )
P - 0 , 085
0 , 4 0 4 2
( 2?) 
P - 0 , 015
DAYDECI
P - 0 , 016
- 0 , 0 8 1 2  
( 2 9 )
P - 0 , 338
P - 0 , 039
0 , 3 8 6 9  
( 2 9 )
P - 0 , 019
- 0 . 8 5 4 4  
( 2 9 )
P - 0 , 000
- 0 , 7 6 6 1  
( 2 9 )
P - 0 , 000
- 0 , 8 3 0 2  
( 2 9 )
P - 0 , 000
p - 0 . 085
1,0000  
( 2 9 )
p m * # * * *
p - 0 , 000
0INDEC1
- 0 , 2 5 7 6  
( 2 9 )
P - 0 , 0 8 9
0 , 0 5 9 0  
(  2 9 )
P - 0 , 381
0 , 2 0 5 7  
C 2 9 )  
P - 0 . 142
0 , 2 2 4 0  
< 2 9 )
P - 0 . 121
- 0 , 6 6 4  7 
( 2 9 )
P - 0 , 000
- 0 , 6 2 0 2  
(  2 9 )
P - 0 , 000
-Cm65 93 
( 2 9 )
P - 0 , 000
0 , 4 0 4 2
( 29 )
P - 0 , 015
0 , 7 9 3 5  
( 2 9 )
P - 0 , 000
1,0000  
( 2 9 )
P - * * * * »
(COEFFICIENT /  (CASES) /  SIGNIFICANCE) (A VALUE OF 9 9 , 0 0 0 0  IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)
N)U)








0 , 2 7 6 7  
( 2 9 )
P = C ,0 7 3
0 . 3 1 A 6  
(  2 9 )
P=U,0A6
0 , 2 9 9 3  
( 2 9 )
FaO . 0 5 7
” 0 , 2 1 3 4  
( 2 9 )
P = 0 , 1 3 3
” 0 , 1 6 4 0  
( 2 9 )
P=0, 19&
- 0 , 2 9 1 7  
( 2 9 )
P = 0 , 0 6 2
PRENOVl
0 . 0 0 3 9  
( 2 9 )
P = 0 , a 92
0 , 0 0 6 1  
( 2 9 )psO*Ad7
0 , 0 0 4 9  
( 2 9 )
P - 0 , 490
- 0 . 2 2 1 8  
( 2 9 )
P = 0 , 1 2 4
0 . 1 3 8 4  
( 2 9 )
P = 0 , 2 3 7
P » 0 , 0 5 9
DAYNOVI
- 0 , 4 2 1 6  
(  ̂ 2 9 )  
PsO.011
- 0 . 4 5 9 7  
( 2 9 )
p s 0 , 0 0 6
- 0 , 4 4 5 3  
(  2 9 )
P = 0 , 0 0 8
0 , 0 4 3 8  
< 2 9 )
P = 0 , 4 1 1
0 , 1 5 1 8  
( 2 9 )
P = 0 , 2 1 6
0 , 3 2 2 6  
( 2 9 )
P = 0 , 0 4 4
DINNOVI
—0 , 4 6 3 7  
( 2 9 )
P = 0 , 0 0 o
- 0 . 4 9 2 3  
( 2 9 )
F = 0 . 0 0 3
- 0 , 4 8 2  6 
( 29 )
P = 0 , 0 0 4
0 . 0 2 0 5  
( 2 9 )
F — 0 , 4  58
0 . 0 7 2 0  
( 2 9 )
P=C,355
0 . 2 6 6 5  
( 29 )
P - 0 , 081
HIHOECl
0 , 0 7 8 5  
< 2 9 )
P = 0 , 3 4 3
0 , 0 8 9 6  
(  ̂ 2 9 )  
P * 0 , 3 2 2
0 , 0 8 5 2  
(  29 )
P = 0 , 3 3 0
0 , 1 5 2 7  
( 2 9 )
P = 0 , 2 1 5
- 0 , 0 7 5 3  
( 2 9 )
P = 0 , 3 4 9
- 0 , 1 0 7 7  
( 2 9 )
P ' 0 . 2 8 9
L0WDEC1
0 . 2 2 0 3  
< 2 9 )
P = 0 , 1 2 5
0 , 2 4 8 1  
(  2 9 )
P = 0 , 0 9 7
0 , 2 3 6 6  
( 2 9 )
P - 0 , 1 0 8
0 . 1 6 0 9  
( 2 9 )
P - 0 , 202
- 0 , 0 9 2 1  
( 2 9 )
F » 0 , 3 1 7
- 0 , 1 4 8 9  
( 2 9 )
P=0, 22C
NEDOECI
0 . 1 5 8 2  
( 2 9 )
P = 0 . 2 0 6
0 , 1 7 8 5  
< 2 9 )
P = 0 . 1 7 7
0 , 1 7 0 2  
C 2 9 )  
P = 0 , 1 8 9
0 , 1 6 1 3  
( 2 9 )
P sO .2 02
- 0 , 0 8 6 7  
( 2 9 )
P = 0 , 3 2 7
- 0 , 1 3 3 9  
( 2 9 )
P = 0 . 2 4 4
PRE0EC1
- 0 , 0 1 9 0  
( 2 9 )
P « 0 , 4 6 1
- 0 • 0 6 2  7 
( 2 9 )
P * 0 , 3 7 3
- 0 • 0 4 2  6 
< 2 9 )
F « 0 , 4 1 3
0 , 0 9 6 5  
( 2 9 )
P « 0 , 3 0 9
0 ,  246 6  
( 2 9 )
P = 0 , 0 9 9
0 , 4 4 5 0  
( 2 9 )
P = 0 , 0 0 8
DAYDECI
- 0 , 0 0 3 3  
( 2 9 )
P « 0 , 4 9 3
- 0 , 0 7 4 7  
< 2 9 )
P = 0 , 3 5 0
- 0 , 0 4 2 2  
( 2 9 )
P = 0 , 4 1 4
- 0 , 0 5 6 0  
(  2 9 )
P s O , 3 8 6
- 0 , 0 3 4 8  
( 2 9 )
P = 0 , 4 2 9
0,1112  
( 2 9 )
P - 0 , 283
DINDEC1
0 , 0 2 6 1  
(  2 9 )
P * 0 , 4 4 6
0 , 0 0 1 9  
( 2 9 )
P « 0 , 4 9 6
0 , 0 1 2 8  
( 2 9 )
psO, 4 7 4
- 0 . 2 0 4 8  
( 2 9 )
P « 0 , 1 4 3
0 . 0 4 4 6  
( 2 9 )
P « 0 , 4 0 9
0 , 3 5 3 1  
(  2 9 )
P « 0 , 0 3 0
(COEFFICIENT /  (CASES) /  S IGNIFICANCE) (A VALUE OF 9 9 . 0 0 0 0  IS PRINTED I F  A COEFFICIENT CANNOT BE COMPUTED)
wo












0 .1 6 2 6  
( 28)  
P=0,20A
0 .1 1 80  
( 27)
P * 0 .2 7 9
0 .1 7 7 8  
(  I S )  
PaO.281




f = 0 . ? 2 3
(*"^25)
F=0 ,249
0 .1 3 0 0  
( 25)
PsO.266
- 0 . 3 2 0 0  
( 28)  
P=0.048
- 0 . 3 2 0 0  
( 28)  
P * 0 . 0 4 8




0 .1 7 17
P=0.191
P=D.223
0 .1302  
( 13)
P=0.336
- 0 . 0 2 6 4  
( 9 )
P * 0 . 4 7 3
0 .1497  
( 28)  
P=0,223
0 .1379  
( 25)
P=0.256
0 . 2 0 2 4  
( 25)
P=0.166
- 0 . 3 2 3 3  
( 28)  
P=0,046
- 0 . 3 2 3 8  
( 28)  
P«0 .046








0 .1 5 2 4  
( 13)
P - 0 . 310
- 0 . 0 3 6 6  
( 9 )
P=0.463
0 .1 8 6 2  
( 28)  
P»0.171
0 .1 4 0 4  
< 25)
P* 0 .2 5 2
0 .1 6 9 9  
( 25)
P=0.208
- 0 . 3 2 3 4  
C  ̂ 26)  
P«C.047
- 0 . 3 2 3 4  
( 28 )  
P«0 .047
- 0 . 0 5 1 8  
(  25)
P - 0 . 403
JANPRE4
-0 . 3 5 8 4  




P - 0 . 067
0 .3 5 7 8  
( 13)
F * 0 .1 1 5
0 .8239  
( 9 )
P - 0 . 003
- 0 . 0 1 1 3  
( 28)  
P - 0 .4 7 7
-0.0844 
( 25)
P - 0 . 344
- 0 . 1 0 7 9  
( 25)
P - 0 . 304
- 0 . 1 0 6 3  
( 28)  
P - 0 . 295
- 0 , 1 0 6 3  
( 28)  
P - 0 . 295
0 .1 0 32  
( 25)
P - 0 . 312
JANDAY4
- 0 . 2 2 5 9  
( 28)  
P - 0 . 124
- 0 . 0 9 7 6  
( 27)
P - 0 . 314
- 0 . 1 5 8 3  
(  ̂ 13)  
P - 0 . 303
0 .1 9 9 9  
( 9 )
P - 0 . 303
- 0 . 4 1 1 8  
( 28 )  
P - 0 . 015
- 0 . 3 6 2 8  
( 25)
P - 0 . 037
- 0 . 1 9 4 3  
( 25)
P - 0 . 176
- 0 . 0 1 4 8  
( 28)  
P - 0 . 470
- 0 . 0 1 4 8  
< 28)  
P - 0 . 470
- 0 . 0 8 5 6
U A U
JANÛIN4
- 0 . 1 8 0 5  
( 28)  
P - 0 . 179
- 0 . 0 2 9 5  
( 27)
P - 0 . 442
- 0 . 0 5 2 7  
( 13)
P - 0 . 432
0.26 72  
( 9)
P - 0 . 244
- 0 . 3 9 5 3
P-0 .& 19
- 0 . 2 8 5 9  
( 25)
P - 0 . 083
- 0 . 1 3 2 2  
< 25)
P - 0 . 264
- 0 . 1 0 2 1  
( 28)  
P - 0 . 303
-0.1021 
( 28)  
P - 0 . 303
- 0 . 0 5 5 9  
( 25)
P - 0 . 395
(COEFFICIENT /  (CASES) /  S IGNIFICANCE) (A v a l u e  of  9 9 . 0 0 0 0  IS  PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)














F * 0 t 4 9 7
CtlOSo  
( 28 )  
P = L . 2 t 1
“ 0 i 0 8 9 2
( 2 8 )
P=C.32 6
0*1 699  





- 0 , 5 2 4 9  
( 28 )  
P * 0 , 0 0 2
- 0 * 3 9  33 
( 28 )  
P=C,019
- 0 * 1 9 2 7
( 2 8 )
P = 0 t l 6 3
0*2 500  
( 28 )  
P=C*100




— C *0980  
( 2 5 )
P =0 ,3 21
0 * 0 4 2 7  
( 28 )  
P=0* 415
- 0 , 0 9 8 2  
( 25 )
F = 0 , 5 0 9
0 * 1 0 6 0  
( 2 8 )  
r * 0 * 2 9 6
- 0 * 0 1 6 9  
( 2 8 )  
P=0* 466
- 0 * 5 9  04 
( 2 8 )  
P=0«0GU
- 0 * 3 8 8 4  
( 28 )  
P=0,021
- 0 . 2 3 5 1  
( 28 )  
P = 0 . 1 1 4
0 . 2 5 9 7  
( 28 )  
P=0, 091
- 0 * 3 7 5 5  
( 25 )
P * 0 * 0 3 2
JAHHED4
- 0 * 0 5 1 8  
( „ 25)  
P=0.4Q3
0 .0 7 3 P  
<  ̂ 28 )  
P= 0 , 3 5 6
- 0 * 0 9 4 4  
( 28 )  
P=0*316
0*1361  
( 28)  
P=0 ,2 45
- 0 * 0 0 6 7  
( 28 )  
P=0*487
- 0 * 5 6 4 6  
( 28 )  
P=0*001
- 0 * 3 9 3 5  
C 29)  
P= 0 . 0 1 9
- 0 , 2 1 7 2
0 * 2 5 6 5  
( 28)  
P=0*094




0*1 0 3 2  
( 25 )
P=0*312
- 0 . 1 3 6 6  
( 28 )  
P=0*244
- 0 , 1 1 1 8  





0* 2118  
( 28)  
P - 0 # U 0
0* 1409  
{ 23)
F = 0 . 2 3 7
0 *2 2 2 7  
( 28 )  
P=0*127
- 0 * 0 2 5 4  
( 28 )  
F = 0 . 4 4 9
- 0 * 2 9 0 1  
< 28)  
F=0.U67




- 0 * 0 8 5 6  
(  ̂ 25 )  
PsO.3 4 2
- 0 . 2 6 5 8  
(  28 )  
P=0.C86
0 , 0 5 6 2  
( 28 )  
P - 0 , 3 8 8
- 0 * 0 9 6 9  
( 28 )  
P=0*308
0 * 2209  
( 28 )  
P=0.12 9
0 . 3 2 3 6  
( 29 )
P=0 . 0 4 7
0 *2 6 8 3  
( 28 )  
P - 0 , 084
- 0 , 1 4 8 4  
(  ̂ 26 )  
P =0 ,2 26
- 0 * 2 5 4 8  
( 26 )  
P=0*095
0 . 1 3 0 4  
( 25 )
P=0 . 2 6 7
JANDIN4
- 0 . 0 5 5 9  
( 25 )
P=0,39 5
- 0 , 1 6 2 2  
( 28 )  
P=0 , 2 0 5
0 *2 1 2 3  
( 28 )  
P - 0 , 1 3 9
- 0 * 1 6 9 8  
( 28 )  
P =0 ,1 94
0 . 1 2 0 4  
( 28 )  
P=0,271
0 . 3 6 4 5  
( 28 )  
P=0 .0 28
0 . 3 1 3 7  
( 28 )  
P-0*C52
0 . 0 3 5 0  
( 26 )  
P=O,430
- 0 * 2 2 3 6  
( 2 8 )  
P=0 .1 26
0*1 604  
( 25 )
P« 0*222
(COEFFICIENT /  (CASES) /  SIGNIFICANCE) (A VALUE OF 9 9 . 0 0 0 0  IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)
Va)
N>












0 . 1 1 8 4
( 25)
P = 0 , 2 8 7
- 0 . 0 5 7 6  
( 25 )
PsQ.392
- 0 .  0275 
( 25 )
PsO.448
0 . 1 6 2 9  
( 25 )
P= 0 .2 18
- 0 . 6 2 1 4  f 4) 
P= 0 , 0 5 0
0 .1 171  
( 1 1 ) 
F=0«366
0 . 3 7 7 3  
( .  25 )  
P=C.031
- 0 . 4 0 6 8
P=0 ,0 22
P - 0 . 0 3 6
C • 1 01 6 
( 2 9 )
P =0 .3 00
JANL0W4
0 . 0 9 8 3  
( 25 )
P = 0 , 3 2 0
-0 » 1463 
( 25 )
P=C ,2 43
- 0 . 1 1 7 4  
( 25 )
P = 0 . 2 8 8
0 . 0 4 9 8  
( 2 5 )
P = 0 , 4 0 7
- 0 . 5 7 6 3  
( 8 ) 
P = 0 . 0 6 7
0 .2 7 9 6  
( 11 ) 
P=0 . 2 0 2
0 . 3 7 1 9  
( 25 )
P = 0 , 0 3 4
- 0 . 4 4 9 8  
( 25 )
PaO.012
0 . 3 3 7 5  
( 29 )
P = 0 . 0 3 7
0 .1 5 9 8  
( 2 9 )
P = 0 . 2 0 4
JANME04
0 . 1 0 7 9
P=0.io4
- 0 . 1 0 6 8  
( 2 5 )
P = 0 . 3 0 6
- 0 . 0 7 7 2  
( 25 )
P * 0 . 3 5 7
0 .1 0 3 1  
( .  2 5 )  
P =0 .3 12
- 0 . 6 0 4 2  
( 6) 
PsO.056
0 . 2 0 3 2  
( „ 11 ) 
P = 0 . 2 7 5
0 . 3 7 7 4  
( 2 5 )
P=0.031
- 0 . 4 3 1 9  
( 2 5 )
P - 0 . 0 1 6
0 . 3 3 8 9  
( 2 9 )
P = 0 , 0 3 6
(% !# !
? * C , 2 4 5
JANPRf.4
- 0 . 2 3 9 7
PSO.Ü4
- 0 . 0 3 5 9  
( 2 5 )
F« 0 .4 3 2
0 . 1 2 8 4  
( 25 )
P«0 .2 7 0
0 . 0 3 3 3  
( 25 )
P » 0 .4 3 7
- 0 . 4 5 5 5  
( 8 ) 
P = 0 . 1 2 8
0 .6 6 4 1  
( 11 ) 
P =0 .0 13
0 . 2 6 8 4  
( 25)
P = 0 . 0 9 7
0 . 1 0 7 8  
( 2 5 )
F=0 .3U4
- 0 . 1 6 2 8  
( 29 )
F=0«199
- 0 . 2 6 0 9  
( 29 )
P=0. 0 8 6
JANDAY4
0 . 0 2 8 2
piodi?
P = 0 . 2 6 4
0 . 1 0 3 7  
(  ̂ 2 5 )  
P * 0 . 3 1 1
- 0 . 2 6 1 9  
( 2 5 )
P = 0 . 1 0 3
0 . 6 5 4 6  
( 8 ) 
P * 0 . 0 3 9
0 . 3 6 5 4  
( 11 ) 
P = 0 . 1 3 5
- 0 . 3 6 4 1  
( 2 5 )
P = 0 . 0 3 7
0 . 2 3 6 0  
( 25 )
PsO.128
- 0 . 2 6 4 2  
( 2 9 )
P«0.G83
- 0 . 0 2 9 0  
<  ̂ 2 9 )  
P=0,441
JAN01N4
- 0 . 0 1 2 4
P * 0 . 4 7 7
(***^25)
P = 0 . 2 * 2
0 . 1 3 0 5  
( 2 5 )
P * 0 . 2 6 7
- 0 , 3 3 8 4  
( 2 5 )
P « 0 . 0 4 9
0 . 8 1 2 8  
( 8 )  
P=O.U07
0.0573 
( 11 ) 
P = 0 . 3 9 9
- 0 . 3 1 7 3  
( 2 5 )
P=0 .0 61
0 . 1 0 0 0  
( 2 5 )
P = 0 . 3 1 7
- 0 . 4 8 1 2  
( 2 9 )
P « 0 .0 0 4
- 0 . 0 6 1 9  
( 29 )
P=0. 375
(COEFFICIENT /  (CASES) /  S IGNIFICANCE) (A VALUE OF 9 9 . 0 0 0 0  1$ PRINTED IF A COEFFICIENT CANNOT BE COMPUTED)












0 . 2 7 6 7  
( 2 9 )
9 = 0 . 0 7 3
PsO.492
- 0 . 4 2 1 6  
( 29 )
F = 0 . 0 1 1
- 0 . 4 6 3 7  
(  ̂ 2 9 )  
r = 0 . C 0 6
P . 0785  
(  ̂ 2 9 )  
P = 0 . 3 4 3
0 . 2 2 0 3  
( 29 )
P = 0 . 1 2 5
0 . 1 5 8 2  
( 2 9 )
P=C .2 06
- 0 . 0 1 9 0  
( 2 9 )
P = 0 . 4 6 1
- 0 . 0 0 3 3  
( 2 9 )
P=G.493
0 .C 261  
( 2 9 )
P = 0 . 4 4 6
JANL0H4
0 . 3 1 4 6  
( 2 9 )
P = 0 . 0 4 8
0 . 0 0 6 1  
( 2 9 )
P = 0 . 4 8 7
- 0 . 4 5 9 7  
( 2 9 )
P = 0 . 0 0 6
- 0 . 4 9 2 3  
( 2 9 )
P=0. Û03
0 . 0 8 9 6  
(  2 9 )
P * 0 . 3 2 2
0 . 2 4 9 1  
(  2 9 )
P « 0 . 0 9 7
0 . 1 7 8 5  
( 2 9 )
P « 0 . 1 7 7
- 0 . 0 6 2 7  
( 2 9 )
P = 0 . 3 7 3
- 0 . 0 7 4 7  
( 2 9 )
P = 0 . 3 5 0
0 . 0 0 1 9  
< 2 9 )
P = 0 . 4 9 6
JANNED4
0 . 2 9 9 3  
( 29 )
P * 0 . 0 5 7
0 . 9 0 4 9  
( 2 9 )
p s O . 4 9 0
- 0 . 4 4 5 3  
( 2 9 )
P = 0 . 0 0 8
- 0 . 4 8 2 6  
( 2 9 )
P = 0 . 0 0 4
0 . 0 8 5 2  
<  ̂ 2 9 )  
P « 0 . 3 5 0
0 . 2 3 6 6  
( 2 9 )
P = 0 . 1 0 8
0 . 1 7 0 2  
(  2 9 )
P * 0 . 1 8 9
- 0 . 0 4 2 6
1 .  29)» = 0 . 4 1 3
- 0 . 0 4 2 2  
( 2 9 )
P = 0 . 4 1 4
0 . 0 1 2 8  
C 2 9 )  
P = 0 . 4 7 4
JANPRE4
- 0 . 2 1 3 4  
( 29 )
P = 0 . 1 3 3
- 0 . 2 2 1 8  
( 2 9 )
P = 0 . 1 2 4
0 . 0 4 3 8  
( 29 )
P =0 .4 11
0 . 0 2 0 5  
(  29 )
P = 0 . 4 5 8
0 . 1 5 2 7  
( 29 )
P =0 . 2 1 5
0 . 1 6 0 9  
( 2 9 )
F = 0 . 2 0 2
0 . 1 6 1 3  
( 2 9 )
P = 0 . 2 0 2
0 , 0 9 6 5  
( 2 9 )
P = 0 . 3 0 9
- 0 . 0 5 6 0  
( 2 9 )
P * 0 . 3 8 6
—0 . 2 0 4 8  
( 2 9 )
P = 0 . 1 4 3
JANDAY4
- 0 . 1 6 4 0  
< 2 9 )
P = 0 . 1 9 8
0 . 1 3 8 4  
(  2 9 )
P » 0 . 2 3 7
0 . 1 5 1 8  
(  ,  2 9 )  
P = 0 . 2 1 6
0 . 0 7 2 0  
( .  2 9 )  
P = 0 . 3 5 5
- 0 . 0 7 5 3  
(  ̂ 2 9 )  
P = 0 . 3 4 9
- 0 . 0 9 2 1  
( 2 9 )
P * 0 . 3 1 7
- 0 , 0 8 6 7  
( 2 9 )
P = 0 . 3 2 7
0 . 2 4 6 6  
( 2 9 )
P = 0 . 0 9 9
- 0 . 0 3 4 8  
( 2 9 )
P » 0 . 4 2 9
0 . 0 4 4 6  
C 2 9 )  
P = 0 . 4 0 9
JAN0IN4
- 0 , 2 9 1 7  
( 2 9 )
P = 0 . 0 6 2
P = 0 . 0 5 9
0 . 3 2 2 6  
( 2 9 )
P = 0 . 0 4 4
0 . 2 6 6 5  
( 2 9 )
P = 0 . 0 8 1
- 0 . 1 0 7 7
C  ̂ 2 9 )  
P = 0 , 2 8 9
- 0 . 1 4 8 9  
( 2 9 )
P - 0 . 220
- 0 . 1 3 3 9  
( 2 9 )
P « 0 . 2 4 4
0 . 4 4 5 0  
( 2 9 )
P = 0 . 0 0 8
0 ,1112
( 2 9 )
P = 0 . 2 8 3
0 . 3 5 3 1  
( 2 9 )
P = 0 , 0 3 0





j a n d a y a
JAMCIN4
- P E A R S O N  C O N R E L A T 1 0 N C 0 E F F 1 C
JANHIHA JAWIOM* JANMED4 JANPRE4 JAN0AY4 JAN0IN4
1*0000 
(  2 9 )
p m # * * * *
0 * 9 7 0 4  
(  2 9 )  
P * 0 * 0 0 0 P « 0 * 0 0 0
0 . 1 0 7 6  
(  ^ 2 9 )  
P > 0 *2 8 9 P - 0 . 0 0 2
- 0 . 5 7 3 6  
< 2 9 )  
P - 0 * 0 0 1
0 * 9 7 0 4  
(   ̂ 2 9 )  
Pb O.OOO
1*0000 
( 2 9 )
P =« ««M « . psO.OOO
0 * 0 8 0 7  
< 2 9 )  
P = 0 *3 3 9
- 0 * 4 4 6 5  
C 2 9 )  
P # 0 * 0 0 8
- 0 . 4 9 8 8  
( 2 9 )  
P » 0 * 0 0 3
0 * 9 9 1 5  
( 2 9 )  
P%0*000
0 * 9 9 3 5  
(  2 9 )  
P=0«000 p s * * * # *
0 . 0 9 3 4
P « 0 . 3 1 5 P =0*004
- 0 * 5 3 8 0  
< 2 9 )  
P ' 0 . 0 0 1
0 * 1 0 7 6  
(  2 9 )  
P = 0 * 2 8 9
0 . 0 8 0 7  
< 2 9 )  
P = 0 * 3 3 9
0 * 0 9 3 4  
(  2 9 )  
P « 0 . 3 1 5
, 1 . 0 0 0 0
<"•’ 11?
P - 0 . 2 1 1
0 , 0 4 1 5  
(  2 9 )  
P « 0 * 4 1 5
- 0 * 5 2 8 1  
(  2 0 )  
0= 0 * 0 0 2
• 0 * 4 4 6 5
( 2 9 )  
P = 0 * 0 0 8
- 0 * 4 8 8 9  
( 2 9 )  
P = 0 . 0 0 4 P = 0 . 2 1 1
1*0000 
( 2 9 )
0 * 8 2 5 0  
( 2 9 )  
P = 0 * 0 0 0
- 0 * 5 7 i 6  
( 2 0 )  
P=0*0C1
- 0 . 4 9 3 8  
< 2 9 )  
P= 0 *0 0 3
- 0 . 5 3 8 0  
( 2 9 )  
P=0 .0 01
0 . 0 4 1 5  
< 2 9 )  
F= 0 * 4 1 5
9 * 8 2 5 0  
(  29 )  
P=0*G00
1.0000 
(  2 9 )  
P * * * * # #
/  (CASE.S) /  S IGNIFICANCE) (A VALUE OF 9 9 * 0 0 0 0 IS PRINTED IF
wLn
